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PRODUCT ^NFORMAT^ON■ 



AMGE(St/519 



American Red Cross 

. ^!3siAT10NAL HEADQUAPrreftS 
^ - BJOMEOICAL SERVICES 
' 1616 FORT MVER DRIVE, 17th FLOOR 
* - • ARUNGTON. VA 1 00 



^ ri|iul'ti»innn] S«rritt« Dep&rtment 

•fr'AX: 703-312-8742 
Qoslamer Service Department 

TAX; 703-312-6746 

/ V ^' • 
''albumaro® 6% 

DjOBUMIN (HUMAN). USP, 6% SOLUTION 



* '6 bottlea per eaae 
f-JSOaiLbottJe 
»-600iiiL bottle 



NDC I 

62769-450-25 
52769-150-50 



■ JOBUMARO* 25% 

I ALBUiON mUMAN), USP, 2S'yk SOLUTION 



' 10 botiJei per c&ae 
'. SOmLbotUe 
lOOmLbottl* 



NDC* 

52769-451-05 
62769-451-10 



MONARC-M™ a 
■ ANTIHEMOPHIUC FACTOR (HUMAN) 
= 1ri«tt>odM 
: Moftodoral Purified 

: BOW SUPPLIED 
ifONARC-M™. U available u ainglc dose bottlei. E^ch 
bottle ii labeled with the poUncy in InUmatiota! Uniti, 
aad if packaged together with 10 mL of Surile Wtter for 
Injection, USP. a double-ended needle, and a filter needle. 
KDC 52769-460-01 



PANGLOBUUrr** U 
»(W.1UNE CLOBUUN )^^mAVENOUS (HUMAN) 

CAUTION: lis Federal law prohibits dispensing w-hioui 
'preftoription. 

HOW SUPPLIED 

l&uouDe Globulin Intravenoua (Human), PanglobutLt^. i* 
■TuLtble as a white lyophJlized powder io 6 and 12 g t\i* 
rials.' The only diluenU which may be u»ed to retcrsiifjtc 
the product are sterile (0.9%) Sodium Chloride Injection 
USP, 5% Dextrose, or Sterile WaUr. 

Pmii^obuIin'~ (IGIV) is available in indi vidua] vis! pscV- 

e^Individual visJ paduiee NDC 52769-270-76 
4 12 g ladividuaJ vial package NDC 52769-270-82 



t POLYGAMS E/D 

T IMMUNE GLCBUUN INTBAVENO US ^ 

* SOi-VENT/OETERGENT TREATED 
.^=IHUMAN) . : , 

: HOW SUPPLIED 

^ Imiauae Globulin latnvcaou* (Hiuaan), Polyg&oX SD, is 
^VoppEed in 2.6 g, 5 g or 10 g single use bottles. Etch bcrJe 
'j-jcflmiinine Gtobtilin Intraveootia (Homan). Po1>-gasS SD. 
- £ ii7imish*d with a suitable volume of Sterile WsUr f;.- la- 
> jeetica, USP, a transfer device and an admirastrstio- Mt 
which cdntAins an integral airway and a 15 micrvn fAur. 

• 2£t NDC 62769-471-72 

, -fig NDC 62769-171-75 ' 
. iOg NDC 52769-471-80 



Amgen 

AMGEN (NC. 

- . ONE AMGEN CENTER DRIVE 

: ;•, THOUSAND OAKS. CA 91320-1789 

•!> 

tNrvct InqulHes to: 

Customer Services Department 
. (600) 282-6436 
; FAX: (800) 292-6436 
-For M*dlc«1 Informs ti en Contsct: 
. Professioaal Services Department 

(600)772-6436 

FAX: 805.376-8550 

In EmvfQcncUi: 

(800) 772-6436 

- ATtsr Hours and W««ksnds: 

• (500)772-6436 

SaWs and OrdvHng: ' 

■ Custamar Services Department 

• (800)282-6436 • 

■ FAX; (800) 292-6436 



EPOGEN« • ■ •• ■• - - • ■ ••■ " -" 9^ 

EPOETIN ALFA . ; . 

RECOMBINANT : - 

Foe ln)*ction •■' . ■ ■ ' .. - - 

descbiption; •; ' : "' "j . . I' V, ' 

tliythripoietin )**» glyiiprpt*^ jrt irnnlww ' red^looid 

«lI"prt>dui±ioa.'ll ii produaid ia the kida^ stiiatiUtea 
the dhrisioo and diffeiintistion of edmnutteJ erythroid pro- 
geoitoM in the boae marrtrpr. EPOGEN* (Epoetin alia), a 
165 amino Bad gljTwproteia iaaijafisctured by reicomhinant 
DNA technolocy. hss the aaaie biological effects as endoge- 
nous erythropcietiji.' It has a molecular weight of 30,4(» 
daltoos and is produced by in"" "'■I'"" cells into which the 
human erythropoietin gene has he«n int»due«d. The prod- 
uct cpstatns the identical amino ^dd sequence of isolated 
natural erythropoietin. ...... 

EPOGEN* is formulated as a sterile, eolorleas liquid in an 
isotonic sodium chlorid^sodiiun dtrste buffered aolution for 
intravenous (TV) or subcutanwua (5C) administntion. 
Singt*-do*«, Pf»*efvrtive-fr»« VisI: Each 1 mL of aolutiaD 
cDDtalns SOOO, 3000. 4000 or 10,000 UniU of Epoetin alfa, 
2.5 mg Albumin (Human), 5.8 mg sodiuni citrate, 6.8 mg so- 
dium chloride, and 0.06 mg dtric add in WaUr for Ixu«ctiOD, 
USP (pH 6.9 I 0.3). This formula tion contains no preserva- 
tive. 

Multidosaj Prsssr^ed Vi»\; 2 mL (20,000 Unita, 10,000 
Unito/mL). Each 1 mL of solution contains 10,000 UniU of 
Epoetin alU, 2.5 mg Albunain (Human), 1.3 mg sodium d- 
trale, 8.2 mg sodium chloride. 0.11 mg dtric add, and 1% 
benzyl alcohol as presenrative in Wat^r for Ii^ection. USP 
(pH 6.1 i 0.3). 

Muhidosa, Pr»»erv»d Vial; 1 oL (20.000 Unit*/mL). Each 1 
mL of aolutios TTvHjiin« 20,000 Unita of Epoetin alfa, 2.5 mg 
Albumin (Human), 1.3 mg aodium dtrate. 8,2 mg sodium 
chloride, 0.11 mg dtric add, and 1» benryl alcohol aa pre- 
servative in Wster for Injection, USP (pH 6.1 Z 0.3). 

CLINICAL PHARMACOLOGY 
Chronh ft»Ml FiUurm P*ti*ntr 

Endogenous production of erythropoietin is normally regu- 
lated by the level of tissue oxygenation. Hypoxia and ane- 
mia generally increase the production of erythropoietin, 
which in turn stimulates erythropoiesis.' In normal aub- 
jecta, plasma erythropoietin levels range from 0.01 to 0.03 
Unita/mL and increase up to 100- to 1000-fold during hyp- 
oxia or anemia." In contrast, in patients with chronic renal 
failure (CRF), production of erythropoietin ia impaired, amd 
this erylhifopoietin defidency is the primary cauae of their 
anemia.*-* 

Chronic renal failure ia the clinical aituation in which then 
is a progressive and usually irreversible' (lecline in kidney 
function. Such pstienU may manifest the se<)uelae of renal 
dysfunction, including anemia, but do not neoeasarily re- 
quire regular dialysis, PatienU with end-stage renal disease 
(ESRD) are tho«* patients with CRF who require regular 
dialysis or kidney trmnf plantation for survival. 
EPOGENC has been shown to stimulate «jythropoiesia in 
anemic patients with CRF, tnduding both patients on dial- 
ysis and tho*« who ^0 not require regular dia]y«ia.*""The 
first evidence of a response to the three titaej weekly (TTW) 
administration of EPOGEN® i« as increaoe ia the reticulo- 
cyte count within' 10 days, followed by increaaes in the red 
cell count, hemoglobin, and hematocrit, usually within 2 to 
6 weeks.*' Because of the length of tima retrylred for eryth- 
ropoiegiB — several days for errtliroid progenilOTa to mature 
3 tht drcuJadorv— ^l cliiiically ai 



and be released into tht drculadorv— ^ clinically aigiuBcant 
incrtsss in hematocrit is usually not ob»erved in less than 2 
weeks and msv T^juire up to 6 weeks la some patients. 
Once the hematocrit reaches the sugigestod target range 
(30* to 36*), that level can be sustained by EPOGEN® 
therapy to the ab«ence of iron defidency and concurrent' ill- 
nesses. 

The raU of hemslocrit increase varies between patients and 
is dependent upon the dose of EPOGEN®, within a th'era- 
peutic rouge of approrraiately 60 to 300 Units/kg TTW.* A 
greater biologic response it not observed at doses eioeediag 
300 Unita'kg TW.' Other factor* affecting the rate and «x- 
Unt of response Include availability of iron atores, the base- 
line hematocrit, and the presence of concurrent medical 
problems. 

Responsiveaess to EPOGEN* In HIV-infected patients is 
dependent upon the endogenous serum erythropoietin level 
prior to tresLiaent. Patient* with endogenous s«ruin eryth- 
ropoietin levels sJOO mUnita^mL, and who are receiving s 
dose of lidorudiae ^4200 mg^v*ek, may respond to EPO- 
GENC therapy. Patients' with endogenoua serum erythro- 
poietin levels >500 mUnits/mL do not appear to respond to 
EPOGEN» therapy. In a s«ries of four clinical trials involv- 
ing 255 patient* . 60* to 80* of HIV-infected pa lien ta 
treated with ddovudine had endogenous serum erythropoi- 
etin levels s500 mUnita/mL - 

Response to EPtXSEN® in ddovudine- treated HIV-infected 
patients is manifested by reduced tranafusion requiremenU 
and increased hematocrit. 
C*nc*r Fttiftit* on ai*moth*rapY 

Anemia in cancer patienU may be related to the disease it- 
self or the effect of concomitantly administered chemother- 
apeutic aeenls. EPCXJEN* ha* been ahown to increase he- 
matocrit and decrease transfusion requiremenU after the 
first month of therapy (month* 2 and 3). in anemic cancer 
patients undergoing chemotherapy. 

A serie* of clinical trials enrolled 131 anemic cancer pa- 
tienU who were receiving cyclic d*platin- or non ciaplatin- 



containing chemotherapy. - Endogukoof Cbu«1i£d>ierute 
erythropoietin tcvcls varied among patienU la theae trial* 
with approximately 76^ (n-S3/3ip) having epdo^cpeou* 
•eruin ciytbrbpoietiji levels ^132 inUnHa^iL"Kiid approx- 
imately 4%' (n.i4m 6) erf patients horinte^^ «ruo 
erythropoietin leTr»!a^>600 inUni UW^' In' gebe'r^ "patienU 
with towjcr.haaeline ,«ifum,ei7thrt>poietin level^rmonded 
more vigbrbuily' to EPOOEN* lhan patieati *ritfi )ugh*r 
haoeUne erythropoietin lrrel*..AhhouiSi no apeiifie ierum 
crytluvpbtetin level e*a be stipulated above which' patienU 
would be unlikely to reapondto EPOGEjJ® therapy, treat- 
ment of patienU with gioesly elevated aerum erythropotetin 
levels {eg, >200 mUnita/mL) is not recomm ended. 
Ph a rmaco Vin«t(c» 



Intrsveoooaly adminialerod EPOGENtS i* eliminated at a 
rate consiaternt'with first order kji>etic**Mth ■ circulating 
half-life' ranging from' approrimately 4 to 13 hoars In pa- 
tienU with CRF." WithSa" the therapeutic dooe range, detect- 
able levels of piaoma erythropoietin are maintained fer at 
least 24'boQrB:' After SC adinini«tr»tion of EPOGEN* to 
patienU with CRF, peak acruia level* are achieved within 5 
to 24 hours after Bdminlstrvtion and doclioe slowly thereaf- 
ter. Tber* ia no apparent difference in half-life between pa- 
tients not on dia^rna whoee aenun creatinine levels were 
greater than S.'and patienU midntAined oa' dialysis. 
Ia normal volunteers, the half-life of IV administered EPO- 
GCN® is approximately 20* shorter than the half-life ia 
CRF patienU. The pharmaeokinetiea of EPOGEN® have not 
been studied in HIV-infected patienU. 

INDICAnONS AND USAGE 

T/vafmanf of An^mlm of Cttronle ft»ti*l F»Hur* PmtJ»frtt 
EPOGEN® is indicated for the treatment of anemia associ- 
ated with CRF, including patienU on dialysis (ESRD) and 
patienU not on dialyaU. EPOGEN® is indicated to elevaU 
or maintain the rod blood cell level (as monifestod by the 
hematocrit or hemoglofaia detaiminatioas) and to decrease 
the need for transfusions in these patienU. 
Non-dialysis patienU with symptomatic anemia considered 
for therapy should have a hematocrit less than 30*. 
EPCXiEN® ia not Intended for patienU who require inune- 
dlsU correction of severe anemia. EPOGEN® may obvUte 
the need for mainUnance transfusions but is not a rubsti- 
tuU for emergency transfusion.- - 

Prior to initiation of therapy, the patient's iron *torea •hould 
be evaluated. TVanaferrin saturation should be at least 20* 
and ferritin rt least 100 nc'mL. Blood pr*MUre should be 
adequately contiiolled prior to initiation of EPOGEN® ther- 
apy, and mu«t be closely monitored and controlled during 
therapy. 

EPOGEN® should be adminisUred mider the guidance of • 
qualified physician (see DOSAGE AND ADMINISTRA- 
TION). 

Trmatm»rt of An»mla tn Zldoyvdln0-tT0»t»d H!V-M»ctmd 
PatUnt* 

EPCXIEN® is indicated for the treatment of anemia related 
to therapy with ridovudine in HIV-infeeted patienU. EPO- 
GEN® is indicated to elevate or maintain the red blood cell 
level (as manifested by the hematocrit or hemoglobin deUr- 
minations) and to decrease the aeed for transfusions in 
these patientx,' El*OGEN® ia not indicated for the treat- 
ment of anemia' in HTV-infectod patients due to other factors 
nuch as iron orToUtc defideaSea,' bemolysi* or'gaatrointe*- 
tinal bleeding, which should be msjiago d ap propriaUly. ' 
EPOGEN®. at a' "dooe .of 100 UiiltVkg '.TTW. Is/effective ia 
decreasing the tr^'Kiaion'»eq[tm^ent andliureasing the 
red blood cefl.level of anemic. HIV.iaf«aod patienU treated 
with ridovudirie,' when the endogenou* serum erythropoie- 
tin level ia S600 mUnita/mL and when patienU ore reeeiv- 
ing a dose of tidovudine S4200.mip^peek.".: ■ , .. 
Tr*stmf ntpfAn»ml» In <^nc*t Pmfi*nta e>n Cb*meti*^*pf 
EPOGEN® ts indicated fbr the treatment of anemia ia pa- 
UeoU with Don-myeloid malignonde* where anemia is dua 
to the effect of eoncomitantly administered rbemotherapy. 
EPOGEN® i* indicated to decrease the need for transfu- 
sions in patieoU who will be roodving concomitant .chemo- 
therapy for a '»inim..m of 2 loonthL. EPOGEN® is not in- 
dicated for the treatment of anemia ia eaaeer patieaU due 
to other factors such as iron or folsU defidendea, hemolysis 
or gastrointestinal bleeding which should be managed ap- 
propriately. ,. . ' 

Bmduction of Mlog*n*tc Btood Tranafutlon tn Surgny 
t}*nt» ... 

EFCWEN® is indicated for the treatiaent of anemic patienU 
(hemoglobin >10 to s 13 g^dL) ochediJed to. undergo elec- 
tive noncardiac, nonvascular aurgery to reduce the need for 
allogeneic blood transfuaioaa.'*-" EPOGEN® U indicated 
for patienU at high riak for perioperative transfusions with 
significant, antidpated blood Io**. EPOGEN® ia not indi- 
eated for anemic pationU who' ore willing to donaU autolo- 
gous blood. The aafety of the perioperative u»a of.EPO 
GEN® ha* been studied only in patienU who or* receiving 
anticoagulant prophylaxis. 

CLINICAL EXPERIENCE: RESPONSE TO EPOGEN® 
Chronic /tmnal Ftftuf P»ti*nf 

Response to EPOGEN® was con*i»Unt aero** all atudic*. Li 
the presence of adequate iron store* (see IRON EVALUA- 
TION), the time to reach the target hematocrit i* a function 
of the baseline hematocrit and the rate of hematocrit ns«- 
The rate of increase in hematocrit ia dependent upon the 
dose of EPOGEN® administered and individual patient 

Contlnu&d on n9Xt pago 
Coniutt 2 C 0 0 POft* suppUrtVHiU end fvitur* sdWons fo» rr**»Jofrs 
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Epogen — Cont. 

variatioa. In clir:ical trials at startiag doses of 50 to 150 
Units/kg TOV, pauents responded with an average rate of 
hematocrit rise of: 



STARTING 
DOSE 
(TIW IVl 



HEMATOCRrr INCREASE 



I 



POINTS /DAY 



POlhn-S/2 WEEKS 



50 Uaits-ltg 
100 Units/kg 
150 Unitslig 



0.11 
0.18 
0.25 



1.5 
2.5 
3.5 



Over this dose raige, approxiinately 95% of ail patients re- 
sponded w-ith a ciiaically significaiit increase in hematocrit, 
and by the end of approximately 2 months of therapy virtu- 
ally all patients were transfusion-independeat. Changes in 
the qualit>* of life of patients treated with EPOGEN® were 
assessed as par. of a Phase 3 clinical trial." Once the target 
hematocrit (32^e to 38%) was achieved, statisticaDy signifi- 
cant improveizeats were demonstrated for most quality of 
life parameters measured, including energy and activity 
level, fimctionaJ ability, sleep and eating behavior, health 
status, satisfaction with health, sex life, well-being, psycho- 
logical effect, bfe satisfaction, and happiness. Patients also 
reported improvement In their disease symptoms. They 
showed a statistically significant increase in ezerdse capac- 
ity (VOj ma:c), energy, and strength with a significant reduc- 
tion in achir.g, dizziness, anxietv, shortness of breath, mus- 
cle weakness, and leg cramps.'-" 
Pttients on Dislysh 

Thirteen clinical studies were conducted, involving IV ad- 
ministration to a total of 1010 anemic padents on dialysis 
for 986 patient-vears of EPOGEN® therapy. In the three 
largest of these clinical trials, the median maintenance dose 
necessaiy to maintain the hematocrit between 30% to 36% 
was approximately 75 Units/kg TIW. In the US multicenter 
Phase 3 study, approximately 65% of the padeats required 
doses of 100 Units'kg TIW, or less, to maintain their hemat- 
ocrit at approximately 35%. Almost 10% of patients re- 
quired a dose of 23 Units/kg, or less, and approzimately 10% 
required a dose of more than 200 Units/kg TT^ to maintain 
their hematocrit at this level. 

A multicenter unit dose study was also conducted in 119 pa- 
tients recei\*in; peritoneal dialysis who self- administered 
EPOGEN® subcutaneously for approximately 109 patient- 
years of exper'eace. Patients responded to EPOGEN® ad- 
ministered SC in a manner similar to patients r6cei%'ing IV 
administration.-' 

Patients with CfiF Not Requiring Dialysis 
Four cUnical trials were conducted in patients with CRF not 
on dialysis iiivaS-ltg 181 patients treated with EPOGEN® 
for approxicately 67 patient-years of experience. These pa- 
tients responded to EPOGEN® therapy in a maimer similar 
to that obser%e-d in patietns on dialysis. Patients with CRF 
not on dialysis demonstrated a dose-dependent and sus- 
tained increase in hematocrit when EPOGEN® was admin- 
istered by either an IVor SC route, with simiiar rates of rise 
of hematocrit when EPOGEN® was administered by either 
route. Moreover, EPOGEN® doses of 75 to 150 Cnits/kg per 
week have bees shown to maintain hematocrits of 3S% to 
38% for up to 6 months. Correcting the anemia of progres- 
sive renal failure will allow patients to remain active even 
though their re.-.aJ function continues to decreaie."*'^' 
Zidovudin»'tr»3t0d HIV-infected Patients 
EPOGEN® has been studied in four pi ac£bo-<nn trolled tri- 
als enrolling 297 anemic (hematocrit < 305il KB'- infected 
(AIDS) patients receiving concomitant therapy with zidovu- 
dine (all patients were treated v^*ith Epoetin alfa manufac- 
tured by An gen Inc.). In the subgroup of patients {S9/125 
EPOGEN® and 85/130 placebo) with prestudy endogenouis 
serum er>Th.-cp^ietin levels s 500 mUnits/mL, EPOGEN® 
reduced the mean cumulative number of units of blood 
transfused per patient by approxiinately 40* as compared 
to the placebo group." Among those patiects who required 
transfusions at baseline, 43% of patients treated with EPO- 
GEN® versus 15% of placebo-treated patients were transfu- 
sion-independent during the second and third months of 
therapy. -EPOGEN® therapy also resulted in sijaificant in- 
creases in hematocrit in comparison to placebo. When ex- 
amining the results according to the weekly cose of zidovu- 
dine received curing month 3 of therapy, there was a statis- 
tically signif.tant (p < 0.003) reduction in n-ansfusioa 
requirements in patients treated with EPOGEN® (n a 51) 
compared to placebo treated patients (n = 5-;) whose mean 
weekly 2idov.:cine dose was ^ 4200 mg/week.^ 
Approximately 17% of the patients with endogenous serum 
erythropoietin levels ^ 500 mUnits/mL rece:i.-ing EPO- 
GEN® in dcses from 100 to 200 Units/kg TRV achieved a 
hematocrit of 3;% ^-ithout administratioa of transfusions or 
significant red-ction in zidovudine dose. In the subgroup of 
patients whcse prestudy endogenous serum er>-thropoietin 
levels were > 500 mUnits/mL, EPOGEN® therapy did not 
reduce transfusion requirements or increaie hematocrit, 
compared to the corresponding responses in p! ace bo- treated 
patients. In a six month open-label EPOGE.N'ff study, pa- 
tienta responded with decreased transfusion r^^uL-ements 
and sustaiaed increases in hematocrit and hemoir'.obin with 
doses of EPOGEN® up to 300 Units-Tig Tm'.'*-=^ 
Responsiveness to EPOGEN® therapy nay be blunted by 
intercurrent in^e:tiou5^nflainraator>' episodes a:id by an in- 
crease in zidc-.-Jsir.e dosage. Consequently, the dose cf EPO- 
GEN® must be titrated besed on these fs«o-i -o maintain 



Cancer Patients on Chemotherapy 

EPOGEN® has been studied in a series of placebo-con- 
trolled, double-blind trials in a total of 131 anemic cancer 
patients. Within this group, 72 patients were treated with 
concomitant non cisplatin -containing chemotherapy regi- 
mens and 59 patient* were treated with concomitant cispl- 
atin-containing chemotherapy regimens. Patients were ran- 
domized to EPOGEN® 150 Units/kg or placebo subcutane- 
ously TIW for 12 weeks. 

EPOGEN® therapy was associated with a significantly (p < 
O.OOS) greater hematocrit response than in the correspond- 
ing placebo- treated patients (see table)." 

HEMATOCRIT i^,): 
MEAN CHANGE FROM BASEUNE TO FINAL VALUE" 

PLACEBO 



STUDY 



EPOGEN® 



Chemotherapy 
Cisplatin 



7.6 
6.9 



1.3 
6.6 



♦ Significantly higher in EPOGEN® patients than in pla- 
cebo patients (p<0.06&) 

In the two types of chemotherapy studies (utilizing an EPO- 
GEN® dose of 150 Units/kg TIW), the mean number of units 
of blood transfused per patient after the first month of ther- 
apy was significantly (p < 0.02) lower in patients treated 
with EPOGEN® (0.71 units in months 2, 3) than in corre- 
sponding placebo-treated patients (1.84 units in months 2, 
3). Moreover, the proportion of patients transfused during 
months 2 and 3 of therapy combined was significantly (p < 
0.03) lower in the patients treated with EPOGEN® than in 
the corresponding placebo-treated patients (22% va 43%)." 
Comparable intensity of chemotherapy in the EPOGEN® 
and placebo groups in the chemotherapy trials was sug- 
gested by a similar area under the neutrophil time curve in 
patienU treated with EPOGEN® and placebo-treated pa- 
tients as well as by a similar proportion of patients in 
groups treated with EPOGEN® and placebo-treated groups 
whose absolute neutrophil counts fell below 1000 cells/pL. 
Available e't-idence suggests that patients with lymphoid 
and solid cancers respond equivalently to EPOGEN® ther- 
apy, and that patients with or without tumor infiltration of 
the bone maurow respond equivalently to EPOGEN® ther- 
apy 

Surgery Patients 

EPOGEN® has been studied in a placebo-controlled, dbi:- 
ble-blind trial enrolling 316 patients scheduled for major, 
elective orthopedic hip or knee surgery who were expected 
to require a 2 units of blood and who were not able or will- 
ing to participate in an autologous blood donation program. 
Based on previous studies which demonstrated that pre- 
treatment hemoglobin is a predictor of risk of receiving 
transfusion,"*^* patients were stratified into one of three 
groups based on their pre treatment hemoglobin 10 (n = 
2), > 10 to s 13 (n = 96), and > 13 to s 15 g/dL (n = 218)] ana 
then randomly assigned to receive 300 Units/kg EPOGEN®, 
100 Units/kg EPOGEN® or placebo by SC injection for 10 
days before surgery, on the day of surgery, and for four days 
after surgery.** All patients received oral iron and a low- 
dose post-operative warfarin regimen.^* 
Treatment with EPOGEN® 300 Units/kg significantly (p = 
0.024) reduced the risk of allogeneic transfusion in patien'^ 
with a pretreatment hemoglobin of > 10 to S 13 g/dL; 5/31 
(16%) of EPOGEN® 300 Units/kg, 6/26 (23%) of EPOGEN® 
100 Units/kg. and 13/29 (45%) of placebo-treated patiects 
were transfused." Tliere was no significant difference in the 
number of patients transfused between EPOGEN® (9% 300 
Units/kg, 6% 100 Units/kg) and placebo (13%) in the > 13 to 
:3 15 g/dL hemoglobin stratum. There were too few patients 
in the ^ 10 g/dL group to determine if EPOGEN® is usefjJ 
in this hemoglobin strata. In the > 10 to =s 13 g/dL pretreat- 
ment stratum, the mean number of units transflised per 
EPOGEN® treated patient (0.45 uniU blood for 300 Unit&' 
kg, 0.42 units blood for 100 Units/kg) was less than the 
mean transfused per placebo-treated patient (1.14 units) 
(overall p = 0.028). In addition, mean hemoglobin, hemato- 
crit and reticulocyte counts increased significantly durir.g 
the presurgery period in patients treated with EPOGEN®.-* 
EPOGEN® was also studied in an open-label, parallel- 
group trial enrolling 145 subjects with a pretreatment he- 
moglobin level of a 10 to s 13 g/dL who were scheduled fir 
major orthopedic hip or knee surgery and who were not par- 
ticipating in an autologous program." Subjects were ran- 
domly assigned to receive one of two SC dosing regimens of 
EPOGEN® (6O0 Units/kg once weekly for three weeks prior 
to surgery and on the day of surgery, or 300 Units/kg once 
daily for 10 days prior to surgery, on the day of surgery and 
for 4 days afler surgery). All subjects received oral Iron and 
appropriate pharmacologic anticoagulation thtrapy 
From pretreatment to presurgery, the mean increase in he- 
moglobin in the 600 Units/kg weekly group (1.44 g/dL) was 
greater than obsen.-ed in the 300 Units/kg daily group-"* 
The mean increase in absolute reticulocyte count was 
smaller in the weekly grouo (0.11 x 10®/mm') compared :o 
the daily group (0.17 x lOVmm*). Mean hemoglobin levels 
were similar for the two treatment groups throughout t^.e 
postsurgical period. 

The erythropoietic response observed in both treatment 
-^ups resulted in similar transfusion rates [lL/69 (16%) in 



Units-kg daily group].** The mean number of units trij:.- 
fjsed per subject was approximately 0,3 units in both tr la- 
ment groups. 

CONTRAESTHCATIONS 

EPOGEN® is contraindicated in patients with: 

1. Uncontrolled hypertension. 

2. Known hypersensitivity to mammalian cell-derived -~z 
ucts. 

3. Known h>*persensitivity to Albumin (Human). 

WARNINGS 
Pediatric Use 

The multidose preserved formulatioD contains beatyl al=; 
hoi. Benzyl alcohol has been reported to be associated 
an increased incidence of neurological and other compli;:^ 
tions in premature infants which are sometimes fatal, T- 
safety and effectiveness of Epoetin alfa in pediatric patier^ 
have not been established. 
Thrombotic Events and Inert ased Mortaility 
A randomized, prospective trial of 1265 hemodialysis r3 
tients with clinically evident cardiac disease (ischemic htzr 
disease or congestive heart failure) was conducted in w':^^ 
patients were assigned to EPOGEN® treatment targeifrf i 
a maintenance hematocrit of either 42 2: 3% or 30 - 1~ 
Increased mortality was observed in 634 patients rand::= 
iied to a target hematocrit of 42% (221 deaths (35% moT^ 
ity)] compared to 631. patients targeted to remain at a hi 
matocrit of 30% 1185 deaths (29% mortailit>-)I. The reisi.- 
for the increased morUlity observed in these studies is ~ 
known, however the incidence of non-fatal myocardial 
arctions (3.1% vs 2.3%), vascular access thromboses (ZS'^ - 
29%), and all other thrombotic events (22% vs 18%) w-- 
a!so higher in the group randomized to achieve a hematccrr 
of 42%. 

Increased mortaility was also observ-ed in a randomized ^ - 
cebo-con trolled study of EPOGEN® in patients who did zz 
have CRF who were undergoing coronary artery b>-pa53_rir 
geiy (7 deaths in 126 patients randomized to EPOGrJT' 
versus no deaths among 56 patients receiving placanc 
Four of these deaths occurred during the period of svz^ 
drug administration and all 4 deaths were associated i-.^ 
thrombotic events. While the extent of the populaticn. ^ 
fected is unknown, in patients at risk for thrombosis, 
anticipated benefits of EPOGEN® treatment should 
weighed against the potential for increased risks assoc.135 
with therapy. 

Chronic Renaf Fatture Patients 

Hypertension: Patients with uncontrolled hyperten^Ir 
should not be treated with EPOGEN®; blood presr^ 
should be controlled adequately before initiation of therar 
Up to 80% of patients with CRF have a histor>' of h>-Fe::^ 
ston." Although there does not appear "to be any direct =r^ 
sor effects of EPOGEN®, blood pressure may rise d'lr^ 
EPOGEN® therapy During the early phase of trea*^:£= 
when the hematocrit is increasing, approximately 2£-e : 
patients on dialysis may require initiation of, or incrts^ 
in, antihypertensive therapy. Hypertensive encephalcpa^ 
and seizures have been observed in patients with C-- 
treated with EPOGEN®. 

Special care should he taken to closely monitor and 3jr*r 
sively control blood pressure in patients treated with I- - 
GEN ®. Patients should be advised as to the important? 
compliance with antihypertensive therapy and dietary - 
strictions. If blood pressure is di£5cult to control by in;:n_ 
tion of appropriate measures, the hematocrit may t^^fj 
duced by decreasing or withholding the dose of EP0GE2-: 
A clinically significant decrease in hematocrit may net: : 
observed for several weeks. 

It is recommended that the dose of EPOGEN ® be deerea^ 
if the hematocrit increase exceeds 4 poin ts in any 2-^— 
period , because of the possible association of excessive r-^- 
of rise cf hematocrit with an exacerbation of hvpertensi'ir 
In CRF patients on hemodialysis with clinically e\-idecj. - 
chemic heart disease or congestive heart failure, the fce_^ 
ocrit should be managed carefully, not to exceed 36% 'S- 
THROMBOTIC EVENTS). . 
Seizures: Seizures have occurred in patients with Cj: 
participating in EPOGEN® clinical trials. 
In patients on dialysis, there was a higher incidence zt sc 
zures during the first 90 days of therapy (occurring 
proximately 2.5% of patienU) as compared with later 
points. 

Given the potential for an increased risk of seizures dw- 
the first 90 days of therapy, blood pressure and the pre^- 
of premonitory neurologic symptoms should be mom:^ ~^ 
closely Patients should be cautioned to avoid potent:^ 
hazardous activities such as driving or operating hea'-T — 
chinery during this period. 

VThile the relationship between seizures and the rate ci 
of hematocrit is uncertain, it is recommended that the z-z. 
of EPOGEN® be decreased if the hematocrit i oereasa = 
ceeds 4 points in any 2-week period. 
thrombotic Events: During hemodialysis, patients trea^ 
with EPOGEN® may require increased anticoagulau- 
with heparin to prevent clotting of the artificial kidney (i^ 
AD\'ERSE REACTIONS for more information about mrcr 
botic events). 

Other thrombotic events {eg. myocardial infarction, cersc. 
vascular accident, transient ischemic atUck) have ocrirr 
in clinical trials at an annualized rate of less than- 
events per patient per year of EPOGEN® therapy. Tn-- 
trials were conducted in patients with CRF (whether - 
alvsis or not) In whom the target hematocrit was 32. c 
40'%. However, the risk of thrombotic events, Licluding v- 
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3w6dvinf EPOaE34» therapy with the p>«] of rtaf4ii=x 
V^ktmaT bemaUxrit (42%) »a -caiapared to a target benxat' 
<rf 80%/PatjeotA with prv-«xictULC c»rdicrpa«culAr •<iii- 
IhiHild-bemoiiitoredckiMly. ■■ '■ ' ■- 

f.J!K'"So'ti^ to'CRF;piti*diit^ EPpQEN* tLtrapy'hii'iwt 
iclwea,Ho^ to «xkcertwti6d of Kypciiciuioa. Kimret, aickl 
' ttitiibcitie 'trrtati in HTV'-Mirected p*tieoU. ' ; 

"pBEClUTIONa : * 
1[te'|^*r«nter»I .»dminUtratioa' of iaj biolope product 
^MKild be attea'ded by appropriate precautio:}* ta cu« aHer- 
pc or other untoward reactiotia occur (»*e OONTBAIKDI- 

■ C^ONS). la dinka] tri.ala. .whae,tran*ieat raahea were 
■' ^j^woiwlljf «l»erved djncurrent^y' with E^CXJEN* ther- 

r:< ■i7/i»o>*riou* .«ll«tie or .Anaphylactic readioo* were n- 
ported (aoe ADVERSE REACTIONS for B>or« infbmiation 
^ lesaidinf allergic reactioiia ).....: . 

Tb« Miety and efficacy of EPOGEN* therapy ha« not b««» 
c«tabliah£d in patieata w^th a kpown hutoiy of a aeizure 
diMi^^'bf underi^ruif hematoiosfe diaeaie (e^, tickle ceU 
anenua, nyelodyaplaatic ayiidromei, or hypercoasulable 
fbaorderv). . . ■ > r 

In »ome female patienU, menaea tiawe resumed follo*-iii« 
■ETOCEN* therapy; the poaaMity of prepiaacy ahould be 
tliacusMd and the need for contraception evaluated. 
H^fTvatoIogy 

Exacerbation of porphyria ha* been observed rarely in pt- 
tiesU with CRF treated with EPOGEN®. However. EPO- 
CEN® hai not caused incneaaed urinary excretion of por- 
phyrin metabolites in oonoal volunteer*, even in the pres- 
ence of a rapid erythropoietic reaponae. Neverlheleai. 
EPOCEN<S ahould be tued with caution in patients i«-ith 
known porphyria. 

la precUnical atudiet tn dogs and raU. but not in monkeyt, 
EPOGEN* therapy waa aasociated with aubclinieal bone 
marrow fibrosis. Bone marraw Sbroiie it a known complica- 
tion of CRF in human* and may be related to secondary hy- 
peiparathyroidim or unknown fact«n. The incidence of 
bone marrow fibroaii waa not incr«aaed in a study of pa- 
tieaU on dialysU who were treated with EPOGEN® for 12 
to 19 months, compared to the incidence of bone marrow fi- 
brosis in a matched grovp ot patient* who had not been 
treated with EPOGEN®. 
. ... J, ..^ Hematocrit in CRF patienU should be meaiured t»-ic« a 
L'i■.J'^;^-■ " week, ndovudine-treated HlV-infeeted and cancer patienU 
should have hematocrit meaaured once a week until hemat- 
bOTt baa been atabiliied, and measured periodically there- 

balay^ or DInit(^sh«d Reaponaa " , "' 
If lit* patient fail* to respond or to maintain a reapcnse to 
^oses within the recommended doains range, the following 
etiolociet should be conaidered. and evaluated: 
I. Iroti defieiericyi'Virtually all patienU will eventually re- 
... - >, ^wire supplemental iron therapy (see fRON EVALUA- 

r '^'^ ' "no^*). 

■ jS; JJnderlyin^ infectioua, inflammatory, or majicnant pro- 
^t.-5i5t- . ««««•... . . , . . 

ijXlDitxlyiDg bematologic diaeaae* (ie, thalaaaemia, refrac- 
^lor^jLsnmia, or. other. ayelodysplastie disortlera). 
i.'yiUmla*4eBcteDde#;.FoUc add or vitamin B12. 

■ ^_e^Vyris. ' i '• \ , 
" n^uin'intOTcaWn. .[\:. 

litis fibroM.i^tiea.' . 

'^i^:^ P!ii^^VP9^9f!i^ripy.'^^^i* or functional iron de- 
^ V-' d^^elop-.^Functional iron deficiency, »-ith nor- 

fl S?i?,*'^^iVe''«l«.t*«t low trinafenin saturation, is pre- 
f^^/^y-^^i^io.^ inabOity to mobilii* iron stores rapidJy 
-,- , to •upport incnaaed eiytluopoiesis. TVanaferrin sat- 

i*'- JH^.^oa.^liould be at leMt\20* and ferritia should be at 

- Prior to and during EP(>G EN* therapy, the patient's iron 
C\.-* Pfi^"! iodudin* tranafsnrin saturation <*enim iron divided 
by iron binding capadty) and serium ferritin, should be 
^r-':. evaluated. Virtually all patienU will eventually require sup- 
P'f^?'"**) increaaa or maintain transferrin satura- 

to'.l^ela Wbidi will adequately support erythropoiesi* 
gimulated by EPOGEN®. All surgery patienU being 
jreited with. j;POGEN« should receive adequate iron lup- 
ple^ntatioD tluvughout the course of therapy tn order to 
■ ^PP9T^ erythropoieais and avoid depletion of iron stores. 

". jS^: ({fl;eYiilepc« of iateraction of EPOGEN* with other drugs 

i'^io-X^z ff?»,9^«««l l9 the cbur»e of clinical trials. 

Avl'-;'^'' pTdnoaefteal*, Mutagsnasis. and tmpalrmsot o! Fartilfty 

■ ■.'>^i - Uficinogemc poleaUaJ of EPOGEN* has not been evalu- 
rC^v,' .EPOGEN® does not induce bacterial gene mutation 

'; T^^^.ilbst), chromosomal aberrations in mammalian cells, 

t&icronudei in mice, or ^e mutation at the HCPRT loeua. 
In female rata treated IV with EPOGEN*. there was a 
^T«od.lbr slightly. increaaed feUl wastage at dwcs of 100 
pidfiOOUnita/Vg..* 
• Praanancy Caleflory C . ■ 

EPOGEN® has been shown to have adverse effecU in niU 
' ■• ^j**" ^0*** fi times the human dose. There are no 

««d well-conlrollod studies in pregnant women, 
^ EPCXJEN* should be used during pregnancy only ifpoien- 
tiaj ianefit justifies the. potential risk to the fetus, 
-^■i" ^.•*'*^'«» of female rata, there were decreases in body 
SJi^-'^ r****^ delay* in appearance of abdominal hair, de- 

t'-'' V*** "y**'"* opening. -delayed oasificatioo, and decreases in 
the number of caudal vertebrae in the Fl fetuses of the 500 



Unita/kg grocp. tn female nts tnatexi rV,:tbere waa a trend 
for ali^tiy incnaaaod fetal -waatace .at doaages of 100 and 
&00 UnitAkg. EPOGEN* haa cot shown any adverse affect 
at dnaea^ ktgit a* 600 Uoita.'Vg in pregnant t-abbjt* (&om 
day 6 to 18 of geetatian). '' ,■ ' 

Nufalr>fl M otSars *f j' Ti ir.r.T"ri-..-. -.^ ji'-;;- » l-s t.: - ..- . ,, 

Poatnalal bbeerr aiions of the live ofijtpring (F l geaerataon) 
of female rstj treated wfth-EPOGEN* during gestation and 
Ucutioh rer«aled so effect of EPOGEN* at doaee of up to 
600 Uoita/kg. There were,: -bow e^er, decreases .in body 
weight gaio, delays in appearance of abdominal hair, eyelid 
•peaing, and decrease* in the number of caudal ve/tebrae in 
the FI fe tu ses ef the 600 Unita/kg group: T^ere were no 
EPOC EN*- related effects on the F2 g«neratian fetuses. • 
It is not known whether EPOGEN* is ex«ted in human 
milk Because many drugs are excreted in human mUV ca 
tion should be exerdiaed when EPOGEN* is admiolstercd 
to a nnning woman.' 
Pa<fatr<olHe ' , . 
The *afety"snd effertiveneas of EPOGEN* in pediatric pa- 
tieaU have aot been established (see WARNINGS). 
ChronSc Rtnai Murm Pmtfmnt* 
Fft}*nu Cfif Not B^qutring Dt^tyti* 
Blood prcMure and hematocrit should be monitored no less 
frequently than for patienta maintained on dJaJysia. Renal 
function and Suid and electrolyte balance shoold be dosely 
monitored, as an tmprwed aeose of well-being may obscure 
the need to initiate dialysis in some patienta. - 
Hen^ology: Suffident time should be allowed to deter- 
mine a patient's res pons iveneas to a doaage of EPOGEN* 
before adjuiting the doae. Because ef the time required for 
eiythnjpoieiu and the red cell half-life, an interval of 2 to £ 
weeks auy occur between the time of a dose adjustment 
(initiation, increase, decrease, or discontinuation) and a sig- 
nificant ehajgt in bematocriL 

In order to avoid reaching the suggested target hematocrit 
too rapidly, or esoeedir\g the suggested target range (hemat- 
ocrit of 30% to 36%), the guidelines for dose and frequency 
of dose adjustmertU (see DOSAGE AND ADMINISTRA- 
TION) should be followed. 

For patients who respond to EPOGEN* with a rapid in 
crease in beziatocrit <eg, more than 4 points in any 2-week 
period), the date of EPOGEN* should be reduced because of 
the possible associatioa of excessive rate of rise of hemato- 
crit with an euoeHiation of hypertension. 
The elevated bieeding time cbarscteristic of CRF decreases 
toward norraal after correction of anemia in patients 
treated wiih EPOGEN*. Reduction of bleeding Ume also oc- 
curs after correction of anemia by transfusion. 
Lsbofatorir Monhoring: The hematocrit ahould be deter- 
mined twice s week tmtil it has stabilized in the suggested 
target range and the maintenance dose has been estab- 
lished. AJler any dose adjustment, the hematocrit should 
also be detersiined twice weekly for at least 2 to 6 weeks 
until it ha* been determined that the hematocrit has Stabi- 
lized in retponae to the dose change. The hematocrit should 
then be monitcxed at regular intervals. 
A corapleLe blood count with differential and platelet count 
should be pe.'f&.med regularly. During r1?nif»l trials, mod- 
est increases were seen in^platelets and white blood cell 
oounti, ^Idle these duingea were ■tatisticaQy significant, 
they were cot clinically significant and the values remained 
wichia noraaJ ranges. , , . ', * 

In patients vi'Ji CRF, aerum' cbemistiy values tiitdudliig 
blood urea tii&vgeji (BUN), uric add, creatinine, pboepho- 
rus, and potauium] should be mo nitorefl regularly. Dufing 
clinical trials in patienta on dialysis.'modest incfeaacfi were 
•een^n BUN. creatinine, phosphorus, and. potassium. In 
acme patients with CRF not on dialysis, treated with EPO- 
GEN*, mcdeit Increase* in «enim uric add and phosphorus 
were observed, ^liile dianges were statistically significant,' 
the value* reizalaed within the ranges norrnally seen in pa-' 
tienU with CRF. , 

Diet: As LSc hematocrit increase* and patients experience 
an improved aer.se of well:t>eing and quality of life, the im- 
portance of conptianee'with dietary and dialysis prescrip- 
tions should be reinforced. En particular, hyperkalemia is . 
not uncommon tn patienta with CRF. In US studies in pa- 
tients on dialy*;*, hyperkalemia has occurred at an annual- 
ized rate of spprvximately 0.1 1 episodes per pattent-year of* 
EPOGEN* therapy, often in aasodation with poor compli- ' 
ance to medics lion, diet, and/or dialysis. 
Dlslysli Msnagamant: Therapy with EPOGEN* resulu in 
an increaM in hematocrit and a decreaae in plasma volume 
which could a5ect dialysis eSdeocy. In studies to date, the . 
resulting increase in hematocrit did not appear to adversely 
affect dialyMr function* " or the effideney of high flux he- 
modislyti*.*' During hemodialysis, patients treated with 
EPOGEN* may require increased anticoagulation with 
heparin to prevent clotting of the artifidat kidney. 
Patients who are margioally dialyzed may require adjust- 
ment* in their dialytis prescription. As with all patients on 
dialysis, the serum chemistry values (induding BUN. cre- 
atinine, phciphorua. and potassium) in patient* treated 
wilh EPOC ESS should be monitored regularly to assure 
the adequacy cf the dialysis prescription. 
Information To* Patitnts: In those cituations in which the 
physician determines that a home dialysis patient can . 
safely and effectively self-ad minister EPOGEN®, the pa- 
tieot should be instructed as to the proper dosage and ad- 
ministrstton. Home dialysis patienU should be referred to 
the full nnformaiion for Home Dialysis PatienU* inaert; it 
i* not a disdoet^ of all possible effecta. PatienU should be 
informed of the aigni and symptoms of allergic drug reac- 
tion end advised of appropriate actions. If home use is pre- 



scribed for a home dialysii p*::e=l.Si>€i*tiMt aJvocJa r 
thoroughly instructed in the i=.pcrt*nce proper iirxm^ 
and cautioned against the reu»e of needles, tTTir>S^~i 
■4rus product. A poacture^rt«ix-^t eoataincr fcr *i* ^ 
poaal of uaed syiiagea and ne«£«M should be avaflab'te to 
patienL The fuH eontainar *lwtJd be disposed of,acccr^L=^ 
to the directions pnmded by tbe phyiieian, ■ 
Ranal Functlonr. In petieati with CRF oot on <lialy«ia. — 
nal fimctioo and -fluid and el ertrolyte "balance ehocii i> 
doaely monitored, ai eta imprcred utaime of -well-beaig c-i- 
obacure the need to initiate diaJ>T^s in some patients U =» 
tienU with CRF aot on dialyri*, pUiebo-controlled rr-.'^- 
tit progreasion of renal dj-sf^cdoc o%-er periods of greaz^ 
than oa« year have not been ess:plet*d. In shorter ter= =- 
als in patienU with CBF not oo disJyda, changes in ena= 
nine and creatinine dearanoe were not significantly differ 
ent in patienU treated with EPOGEN*. compared witi 
cebo-trcated patienta. AnaJ>-*ii of the alope of 
creati nin e versus time ploU is theae patienU indicates ^ 
•tgnific&nl change in the slope s-Vr the initiation of E>C 
GEN® therjipy. . 

Zi<iovuain»^tr**t»a HlV4ttf»ct»d Pttitrti 
Hypertension; Exaoerbatias of hypertension has not b*= 
observed in zidovudine -treated HI\'-infect«d patie:^^.. 
treated with EP(XfEN*. Hcweve.-, EPOGEN® aho-^iZc 
withheld tn these patienU if pre-ejdsting hypertenaicii ^ 
uncontrolled, and should not be r.arted until blood preu^::-. 
ia controlled. In double-hlind stjdie*. a aingle aeirure 
been experienced by a patient u>e*'.ed with EPOGEN*.— 
Can^r PmtUnts on Ch»motfi»fapr 

Hrpertenaion: Hyperteaaioi. a^-todated with a sigsiScxiM 
increase in hematocrit, has beec toted rarely in pn 
treated with EPOGEN®. Neverthetesa. blood pressure i= 
patienU treated with EPOGENt t>.o Jd be monitored care- 
fully, particularly ia patienU wiii an underlying tirtcry a' 
hypertension or cardiovaacular disease. 
Seiiurss: In double-blind, pis aebe-^n trolled trials. SJ:-* 
(n=2/63) of paUenU treated wlti EPOGEN® and 2.9* 1=.^ 
63) of placebo-treated patients had seizttres. Seizures 
1.6% (0=1/63) of patienU tre*:ed EPOGEN® occurrsc 
in the context of a significant i::crtaM in blood pressure i-f? 
hematocrit from baseline val'wei. Hcweve?, both patiesu 
treated with EPOGEN* also had underlying CNS paihui- 
ogy which may have been rei**.ed is seizure activity. 
Thrombotic Event*: In doub'.e-biind. placeboTContrsned 
trials, 3.2* (n»2/63) of patietu t.-cated with EPOG£S* 
and 11.6% (n*8/6S) of placebo-t.-ti-.ed patienU had thr==i- 
bolic evenU (eg. pulmonary- e=ibcli»=, cerebrovascular ac- 
ddent). 

Growth Fsctor Potential: EPOGEN* is. a growth f s-r---r 
that primarily stimulates red eel p.-oductiQii. However, tzit 
possibility that EPOGEN® car. ar. as a growth farw :cr 
aay tumor type, particularly cvt^cid maltgnandes, ea-'-zcr- 
be excluded. 

Stirgmiy psthnts ; 
Thrombottc/VatcuUr EvenU: Ir. F«ri«pexativc'cliaical ~- 
als with orthopedic patienU, tie c^-e.-»I] tndd«ice! of tl:r:=:- 
boticAraacular eveaU was siail*.- it Epoetin «!q3 place- 
bo-trealed patienU who! had • p. -« treatment be naogleb Li 31' 
> 10 to £13 g^dL. In patienU ^.'^ a hemoglobin -of > 13 rc^ 
treated with 300 ynilaltg of Epoeda alfa, tlie .poasiiili:? 
that EPOGEN® treatment may be aiiodated with as in- 
creased risk if postoperative t^-sz^tioVaacuIar «ve=:j 
cannot be' exdudod.? rf * 

In one study in which Epoetin tl'j. was administered in ihn 
perioperative period to pa tie nu u^^e.'goijig'joqrDnsLiy artery 
bypaas graft surgery, there »e.T M^■*o deaths in ib« .grrus 
treated with Epoetin alf* Cn«12c; iL::d no dfatis tn^Jbe pla-, 
cebb-treat«d group (o«&€}. Arucij the seven dfathftjat^ 
patient* treated with Epoetic aZfa, fccr wero^thTeSv^i' 
therapy (between study day 2 aid 5 . The fo^ deaths at tin: 
time of therapy (3%") were as*oc-lt*.ec »-ith thrombotic'Va^ 
cular evenU. A causative role ef Epc^Us alfa cannot 
duded (see WARNINGS). 

Hypertanslon! Blood pressure r:*y rise in the periopera- 
tive period in patienU being tn»>d with EFWEN*. 
Therefore, blood pressure sheu.'<! be monitored carefully. 

ADVERSE REACTIONS - 

Chronic Rmnal F»!tt»r» Pfti»fitt 

EPOGEN® is generally wel!-tc:e:»-.ed. The adverse eveaij 
reported are frequent aeque'se of CRF and are not aecea- 
tarily attribuUble to EPOGEN* tr.erapy. In double-bli^d 
placebo-controlled studies invcS-iij ever 300 patienU w;t3 
CRF. the evenU reported ir. grei'-er l-Kan 5% of pstieiiia 
treated with EPOGEN* during i>,e b'Jcded phase 1 



PERCENT OF PATIENTS F-I POSTING EVENT 





PatienU Treated 


Placebo-TVealec 




with EPOGE.^•^ 


PaUenU. 


Event 


(n M 2C-: ■ 


(n .133) 


Hypertension 


24^ 


. 19% 


Headache 


161- 


'l2f 


Arthrsli^ia.t 


lis 


6% 


Nau.'tca 


in 




Edema 




lOCl 


Fatiguv 


&~ 


14% 


Diurrhe;! 


9^ 


6% 


Vomiting 


6^ 


51 


ChcKl Pain 


7* 


9% 


Skin Reaction. 






Administration 




12% 


Site 
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PHYSICIANS' DESK REFERENCE ! 



Epogen— T-Cont. 



Asthenia 
Dizziness - 
ClottedAccess 



7% 

7% 
7% 



12% 
■ 13% 

■2% 



Sigmficarit adverse events of concern in patients with.CRF 
treated in double-blind, placebcncontrolled. trials occurred in 
the following percent of patient? during the blinded phase of 
the studies: - 



Seiiure 
CVA^-IA 

m ' ■' 

Death . • 



1.1% 
0.4% 
0.4% 

- 0%. 



1;1%- 
0.6% 
1.1% 
■ 1.7% 



In tbe US' EPOGEN'® Studies in patients on dialysis (over 
567 patients), the incrdeilce* (number of events'" per patient- 
year) of the niost firequently reported adverse event? v?ere 
hypertension (0.75). headache (0.40); tachycardia C0.31.); 
nauseaA/omiting (0.26), clotted vascular access <0.25); short- 
ness of breath ..(0.14); hyperkalemia (O.il). and diarrhea 
(0.11). Other>eported. events occurred at a rate of less than 
0'. 10 events' per patfent per" *ye'ar; '.^ . ' ' „ 

Evints "reported to have occiirred within; several hours of 
administration of EPOGEN® were rare.- mild, and traii- 
sient. and' included injection site stinging in dialysis pa- 
tients and flu- like symptoms such as arthralgias and myat- 

Btudies^alyzed to date,-^fpGEN® adnunistratioii 
was generally well-fclefated, irrespective of the route of ad- 

■ ministratiQn.'' . ' " .' 
Hypertension: ■ Increases in tlocd "pressure have been re- 
ported in clinical* trials, often during the^rst 90 days of 
therapy. On occasion; hjrpcrtensive" encephalopathy and sei- 
iiires have been qlis'erved in patients with CRF treated with 
EPOGEN®. When data firom kll patients in the US Phase 3 
multicenter. trial; were analyzed; there was an apparent 
trend' of more reports of hypertensive adverse fevents' iii pa- 

■ •tientS T)D diajysis 'with* a faster rate of ris^' of hematocrit 
'(greater than 4 hentatocritTwints' in any 2rweet period): 
Hbweveri in a double-blind, pla'ceb6-coritrolled trial, hyper- 
tensive 'adverse*' events .were not reported at ah increased 
rate* in 'the group' trekted with EPOGEN® (150 Units/kg 
TIW) relative to the placeb* group. " ' ' ; ' 
Seizures:" There "have- been 47 seizures ih'lOlO patients on 
dialysis'tredte'd" with EPOGEN® in clinical- trials, with* an 
exposure of 986 patient-years. for a rate of approximately 
0.048" events p^r jpatient-year. Howisver[ there appeired 

" be-aliigher rati? 'of 'seizures during the iSrst 90 days of tHer- 
apy 'Coccurririg "in 'approximately 2.5"%' of ■ patients) when 
wmpared i»^subsequent '90^ay period"s.'Yhe baseline inci- 
dence of seizures in the untreated dialysis population is dif- 
ficult to determine; it appears to be,in the- range of; 5% to,, 
10% per pitrent'ySar.*^^ ' ■--'-■" ^■-' ■ • - ^ ■• f '^ ' ■ ' ^ 
thrombStiS-tUhts: 'lii clinjcil trials where the mamtc^ 
nance heWatocrit was' 35 it 3%" on EPOGEK®. clotting of 
the' vascular a c'ceSs (A-V shunt) has'occurfed, at an anmial- 
ized rate of-"atout <).25 'events pet patient-year, and other 
fli^mbotic 'events (e^-TOycK^'^^^J' cK^e^T^ ' ^A^" 
cuiai*-accident,' transient- ischeimcat^ pulmonary 
embolisia)Tj<:c\irre<l al a rate of 0.04 eyfeiits per patient-year. 
In a separate study of 1111 .untreated dialysis patients, clot- 
ting ofthe vascular access" occurred at a rate of 0.50 events 
per p^tTe&t-year. Howeipier.ifi CRF patients on he;modiaIysis 
who also' Jtad 'Clinically 'evident ischemic he'iirt ;diseaie or 
oingestiVe' heart failure',' the risk of A-V shunt thrombosis 



was higher (39% v"s 29 "3:, p cO OOll, and myocardial ir.farc- 
tions; vascular ischemic events, and venous thrombosis 
were increased, in patients targeted to a hematocrit of 42 r 
3% compared to those maintained' at 30 r 3% (see W.Ail.N'- 
INGS). ' " * 

In patients treated with coumierdal EPOGEN®, there have 
beeil rare, reports of serious or unusual .thrombo-emhaiic 
events 1 including migrator>- thrombophlebitis, microvascu- 
lar thrombosis, pulm'onary Embolus, and '.thrombosia of the 
retinal artery, and temporal and renal veins. A causal rela- 
tionship has not been established. . ■• ' ' '■ ■ 
Atlergtc Reactions: There have been no reporti of serious 
allergic, reactions or anaphylaxii associated ^-ith EPO- 
GEN® . administration . during clinical trials. Skin rashes 
and urticaria have been observed rarely and when reported 
have generally been mild and transient in. nature.-' 
There have been rare reports of potentially serious allergic 
reactions including urticaria with associated respiratory 
symptoms or circumoral edema, or urticaria alone. Most.re^ 
actions occurred in situations where a causal relationship 
could not be established. Symptoms recuired with rechal- 
lenge in a few instances, suggesiing that allergic reacti\-ity 
may occasionally be assodkted with EPOGEN® therapy. ' 
There has been no evidence for development of antibodies to 
er^-thropoietin in patienU tested to date, including, those re- 
cei%-ing EPOGEN® for over 4 years.- Nevertheless, if an an- 
aphylactoid reaction occurs, EPOGEN® should be immedi- 
ately discontinued and appropriate therapy initiated, * 
Zidovud!n»-1reat»d HIV-infected Patt'gnts 
Adverse events reported in clinical trials with EPOGEN® in 
tidovudine-treated HIV-infected patients were consistent 
with the progressioQ of HIV infection. In" double-blind, pla- 
cebo-dontrolled studies of three-months duration- invoh-ing 
approximately 300 zidovudiae-treated -HIV-infected pa- 
tients, adverse events with an incidence of ^ 10% in either 
patients treated with EPOGEN® or placebo-treated pa- 
tients were:- - ■ ' - . - . 

PERCENT OF PATIEJOS REPORTING EVENT,, 

Patients Treated placebo-Treated 
. - , . : .. .with EPOGEN® ■ Patients ■ 



Event 


(n = 144). ' 


.(n'= 153) 


Pyrexia .. ' 


38% . ; : . 


. 29% . , 


Fatigue 


25% . 


■31% . 


Headache- 


" 19% ■ 


■ 14% 


C.ough 


18% ' . 


14% 


Diarrhea . 


16% 


■1S%' . 


Rash ' * 


'16% 


8% "" 


Congestion, Respiratory 
Nausea 


15% 

M5% . -" 


, 10% 

. , 12% ' ■ 


Shortness oifBreatli. , 


14% ■" 


.-13% 


Asthenia ... ' : ; 


11% 


-■ 14% 


Sldn Reaction, 






Medication Site 


10% 


'■. ".7% " 


I>i2ziness' - ', 


9% . .. 


10% . 



. PERCENT OF PATIENTS REPORTIN.G .EVENT 



Event 



. Patients * . 
Treated 
-'. "with * 
EPOGEN®' 
300U/kg 
(n = 112)' 



'Patients 
' Treated . 

with 
EPOGEN® 
. • 100 U/kg 
(n = 101^' 



PlaceW- ■ 
treeated. 
Pitien^ ' 



{n,= 103)* 



Pyrexia 
Nausea 

Constipation ■• 
Skin reaction, 
' Medication site:-. 
Vomiting-* 
Skin Pain; - . • 
Pruritus 
Insomnia 

Headache*;'. 

Dizziness " 

Urinaiy iVact 

Infection^ 

Hypertension 

Diarrhea 

Deep Venous 

Thrombosis 

Dyspepsia ' 

Arude^ 

Edema 



.51% 

.48%-' 
- 43% 

25% 
•22% 
18% 
16% 
13% 
13% 
12% 

12% 
10% 
10% 

10% 

9% 
7% 
6% 



.50% 
43% 
42% 

19% 
.12% 
■18% 
16% 
16% 
11% ■ 
9% 

3% 
■ 11% 
7% 

3% 
11% 
2% 
.11% 



60% 
45% 

43% • 

22'% ' 
14% 
17% 
14% 
13% 
. 9% 
12%. 

. 11%-' 
16% 
12% 

5% 
6% 
"11% 

, 8% 



Patients 


Patients 


Treated . 


Treated. 


with'. 


"* with ■ 


EPOGEN® ' 


EP'OGEN® 


■ ' 600 U/kg . 


300 Y/kg 


(n=.73)^ 


(n = 72f ' 


47% ■ 


■■' 42% 


45% ■ 


• ..58% . 


51% 


53% 


■ ' 26% 


■ . ^' 29% 


'21% 


.29% .' 


5% 


" * 4% . 


• 14% 


■ '22%' 


". . 21% ' 


• , '. 18% . 


10% 


■ 19% ' 


11% ., ' 


■21% 


11%' 


6% 


5% 


" 10% 


10%' 


■ 6%,. 


0%' " 


0%* ' ' 


7% 


■ 8% ■ ■. 


11% 


4% 


11% 


7% 



eT-:-::"i.-i - s:udy medication. One patient was treated ^'.z. 
E?-:-:-I^:S and one was treated with placebo (EPOGEN' 
veiJ£: il;-e). Both patients had positive immediate sjc 
liiu i-zi^zj' their. Study piedication with a negative sail:: 
c:l~L T"-e basis for this- apparent pre;€jdsting hypers^ 
s:t~'r caaponents oflhe EPOGEN®. formulation is 
Vr.:-=^ may be related.to HTV-induced iimnunosuppri? 
sic- " :rl:r exposure te blood products. ' . , 
Sei: :;■("*: In double -blind and open-label trials of E?'l 
GZT-'S -j: ridovudine-trfeated HIV-infected patients, 10 
tie:.-^ experienced seizures.^^ In general, these s« 

z-^ii i:r<ar.to be related to imdcrlying patholog>*, such i 
J - ,, or "cerebral neoplasms, not EPOGEN® thera- 
C*-.z^ Paiienti Oh Chemotherapy^, 

Az-ir~t Jiperien'ces rieporteii in clinical .trials with Er'Z 
G^'* — cancer patients were consistent with' the underl- 
iir ilHiie state! In double-bHnd, placebo-controlled studie 
c:"u: ~ 3 months duration- involving 131' cancer pafier:x 
ii^ ini e5ects with an incidence > 10% in either patiei: 
trei*.^-: EPOGEN® or placebo-treated patients were 1 
ir!i:^'-c-i ^elow: - ■ ■ . ' 

? i?.CENT bp patients: REPORTING EVEN'T .. 

"Patients Treated ' ■ J»ia'cebo-Treatec 
with EPOGEN® ;* Patients . 
E-.-'^- . " (n "= 63)* (n = 68) 



Ni'-«- 
Eil^ 

S'zzr=.isi of 
Par^rjiTrla 

?iln : 



There were no stetistically significant differehces . beU-een 
treatinent groups in the incidence of the above events,'' 
In'the 297 patients studied. EPOGEN® was not associated 
with significaiit increses in opportunistic infections or mor- 
tality." tii 71 patients 'firom this group treated with EPO- 
GEK® at 150 Uni"ts/kg TTW, serum p24 antigen lev els . did 
not appear te increase." Preliminary , data sho-wed ho en- 
hancement of HIV replication in infected cell lines in \-icro. 
Peripheral white blood cell and platelet tounts are un- 
changed foUowifig EPOGEN® therapy. ' 
Anergic Reactionsr'IWo ridovudine-treated HlV.infected pa- 
tients had urticarial Veactions within 48 hours of .their first 



• Study including patients undergoing orthopedic surgery treated with EPOGEN® or placebo for 15 days 

* Study including patients undergoing orthopedic surgery treated with EPOGEN® 600 L mtsV^ weekly x 4 or 300 L mtsTcg 
daily x 15 

' Determined by clinical symptoms . 



29% 
21%' 

■ .,17%" 
17% 
' 17%' 
13*%' 
; 13% ' 
^ '13% 

' .11% 



11* 
"5% ■ 
3%' 



- 19^'. 
. ""7%^ 
: ^2%r 

15%' 
: 1% 
■'■ 16%: 

15% . 

- 9^. 

• ' 6% 



. 4% 
-12% 
16%-' 



:_ri some statistically significant "differences. be tw»f 
ceing Treated with' EPOGEN®- 'and placei 
tatients were noted, thp oyetall safety prjw^ 
;.i::5 appeared to b« .consistent with. Uie^disease pr 
-J iivanced -caiiccr, DiirihV do\ibl5:tUnd and surs- 
-. ::=::-label thirat»y in which pa\ients (D =.72 for t=x: 
"Ji to EPOGEN®) were 'treated for Up' to. 32 wee.- 
i:^^ as high, 'ai 927 'Umls/tg, the adverse exp^rlen. 
EPOGEN*"® was consistent ,wth the 'progTessicn 

:ancer . .v: .-■ , : • 

'i :z comparable'sUrvival data aiid oh theT>ercentar^ 
treated with EPOGEN® and placebo-treat^ z. 
J ^'i: discontinued therapy due, to death, diisease ^ 
.=-.:i, or adverse eyp^riepces (22% and 13^, resp= 

- ; = ,Q.25), the clinical outeome m. patients: trea;:- 
IrOGEN® and pi ace bo- treated "jiatiehts'Tappear^ 

Available date from animal. tumor modeb' ^ 
•^—.-iut of proliferation of solid tuindr cells from c^ 
:::tsv specimens in responsfe tcr EPOGEN®'sug^ 
r^I'OEN® does not potentiate tiinjor pepwth. N«^^ 
:u. ii a growth facton the' possibility tWat^EPpGi-- 
:.:-.*::3ate growth of some iumors.' particularly mytx; 
; rt. :aanot be excluded. A randomized cqntooUed Fh-^; 
.t- -J currently ongoirig "to further evaluate this iss-z 
-iiiL peripheral white blood cell count was uncha=f-' 
~z EP0GEN<8 therapy cefmp'ared to the corresTcn 
Lii in the placebo-treated group. _ : 
t^f Patients ~ ■ • "' • 

events with an incidence of a 10^ are shown ni - 
■^s^ table: ' ' , "■ ■•':*''■ " . ;.- - 

at left] • . '' . ■ „. , . 

-c-otic/Vascular Events: .In thi-ee double-blind. J'^ 
:L-r^L:ed orthopedic surgery* studies, the rate of =e; 

ihrombosis (DVT) was sinular among Epoetin. 3. 
:.L:sb6-.treated.patienis in the recommended pccr:- 
•■'-4!=ents w^tii a pretr^atmeht hemoglobin, of > 10 tr 
However, in 2 of 3 orthopedic surgery sf^ 
-^na rate (all pre treatment hemoglobin grotips c= 
: A ijVTs detected by postoperative", ultrasonograr. 

i-.:rt-eillance venography was higher in the grr 
•jiri ^:th Epoetin alfa than ifi tHe placebo^treated grr 
~ This finding was attributable to the 
■ - ra--es observed in the subgroup of patients w?th 
herooglobin > 13 g/dL. However, the inadenc- 
-IS within the range of that, reported m.Ae htera:^ 
:.-.:i:3edic surgery patients. ' • 

r^opedic:s-urgery study of patieiits with p^_- 
i-=oglobin of >'10 to s 13 g/dL which coc^ared - 
^- regimens (600 Units/kg weekly X 4 and 300 Unics 
. - 15)': 4 subjects in the 6^ 

- S jToup (5%) and no subjects in the 300 Uaits/kg ci 
'^Ed a thrombotic vascular event during the stucj 

1 r -:iv examining the use of Epoetin alfa in 182 pade: 
iii^; Jti for coronarj* artery bypass graft surgery 2j-t 
treated with Epoetiii alfa and 29% treatec * 
' ixperienced thromboticA'asciilar events. There w 
i £i L-Ju a=iong the Epoetin alfa^treated patients that w 
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4icAe-«f^{X>etitf,«l£i tfiloDt.twielxliubKl (•A'KARKDfCC).. 

OVERDOSAGE ' t.- . ^- , -,..,4^1;*!* 

jxLUdmupi «ipoant cf ^PpGEN4>J^iAt cap H wueij «I- 
mimrt^ned m «iacl« or iauhiple^'^ci» «i hw not Vocfi deter- 
mined. Dom of up to IftXiUiiiti/ke'nW lb'r'3 U 4 we*ta 
h«ve bMa admuujtered iritbout any direct tone Affect* of 
EPOGEN* iU«lf.* Tbinrp7 with EPOGEN* cam result ia 
polycTthemiA if tint bemAt^rfl-U ^oot carefully monitored 
aod tl>c doM sppropriately »4iu«teid. If the •u«ge*t«l Urset 
Tuce i* exceeded, EPOCETNC nuy be temporftrily withheld 
until the hematocrit retunuito the suesested tArget ranfe; 
EPOGENO therapy may then be re«uin«d xtsing « lower 
doM (M< DOSAGE AM) ADMmiSTRATiON). If polycythe- 
mia ia «f ccocera, phlebotomy may be indicated to decrtue 
the hematocriL 

DOSAGE AND ADMINISTRATION 
Chronk R»o*l F»Uor* Psti*/rtM 

Starting do*ea of EPOGEIN® over the ranee of 60 to 100 
Uniliflt* TIW have been •bown to be We and effective ia 
increaaing bematocrit and eliminatint'trftnaruAion depen- 
dency in patienta wid» CRF (»ee CtlNICAL EXPERl- 
E#ICE). The dose orEPCKJEN® ehouM be reduced u the 
<hematoer)t apprnachee 'S6% or increaaec by more than 4 
piinta in any 2-weieV period. The doMp; of EPOGEN* mu«t 
be indtvidualiied to maintain the hemslocrit within the 
vugSested taj^t range. At the physician's discretion, the 
suggested target hematocrit range nay be expanded to 
achieve maximal patient benefit. 

EPOGEN* may be given either as an IV or SC injection, Tn 
patienU on hetnodialysii, EPOGEN* usually has been ad- 
ministered as an rv bolus TIW. While the adtninistratton of 
EPOGEN* is independent of the dialysis procedure, EPO- 
GEN* may be administered into the venous line at the end 
of the dialysis procedure to obviate the need for additional 
venous access. In patients with CRF not on dialysis, EPO- 
GEN* may be given cither as an IV or SC in»Mtion. 
PadenU who have been Judged competent by their physi- 
dans to self-administer EPOGEN* without medienl or 
other supervision may give themselves either an TV or SC 
injection. The table below provides general therapeutic 
guidelines for patients with CRF: 



Stqrting Dote: 
Redact Dot When: 



JncreoMt Do»t If: 



UainUnance Do»e: 
Sugg€tUd Tsu^ti 
Het. Range: 



60 to 100 Umta/kg TIW; JV or SC 

1. Hct, approaches 36% or, 

2. Hct. increases > 4 potnU in 
any Z-week period 

Hrt. does not increase by 6 to 6 
poinU after fi weeks of therapy, 
and hct. is below suggested target 
range 

Individually titrate 
30% to 36% 



During therapy, hematological parameters should be moni- 
tored regularly (see LABORATORY MONITORING). 
Pr*-th«rapy Iron Evaluatlen: Prior to and during EPOGEN* 
therapy, the patient's iron stores, including transferrin sat- 
uratica (aemm iron divided by iron -binding capacity) and 
aarum ferritin, ^lould be evaluated. IVansferrin saturation 
should be at least 20%, and ferritin should be at least 100 
ng/mL. Virtually all patients wiU eventually require aijpple- 
. mental iron to increase or trans ferrin saturation 

to l«v«U that wiQ adequately support eiTthropoiesis stimu- 
iated by EPOGEN*. ' 

Dos* Adjustmsnt Following EPOGEN* therapy, a period 
of time is required for crythroid progenitors to mature and 
b« released into circulation resulting in an cventusl in- 
crease In facmstocrit Additionally, red blood cell sunrival 
time affects bem>atocrit and may vary due to vrcmta. As a 
result, the tima required to elicit s clinically significant 
change in' hematocrit (increase or decrease) following any 
dose adiuvtmea't may be 2 to 6 weeks. 
Dose adjustment should not be made more frequently than 
once a month, unless clinically Indicated. After any dose ad- 
justment, th« hematocrit should be determined twice 
weekly for at least 2 to 6 weeks (see LABORATORY MON- 
rrORINC). 

• If the hematocrit is increasing and approaching 36%. the 
doM should be reduced to maintain the suggested target 
hematocrit range. If the reduced dose does not stop the 
rise in hematocrit, and it 'exceeds. 36%, doses, should be 

' ' ' temporarily withheld until the^hematocrit begins to de- 
crease, at which point therapy should be reinitiated at a 
lower dose. 

• At any time, if the hematocrit increases by more than 4 
points in a 2-week period, the dose should be immediately 
decnased. After the dose reduction, the hematocrit 
should be monitored twice we«Uy for 2 to 6 weeks, and 
further dose adjustments should be made as outlined in 
MAINTENANCE DOSE. 

• If a hematocrit increase of 6 . to 6 points is not schieved 
after an 8-week period and iron stores are adequate (see 
DELAYED OR DIMINISHED RESPONSE), the dose of 
EPOGEN® may be incrementally increased. Further in- 
creases may be made at 4 to 6 week intervals until the 
desired response is attained. 

Malnttnsnce Doss: The maintenance dose must be individ- 
ualized for each patient on dislysia. In the US Phase 3 mul- 
ticenler trial in patienU on betnodialysts, the median maio- 
teaanee doae was 76 Unit*Ti:g TIW. with a range from 12.6 
to 625 Unita/kg TIW. Almost 10% of the patienU. required a 



fioM.ot3A.\}Dii*^,«rJw, andjippnximsl^ J&%rof the 
, ^letienU jr«iiiuirod,»cri,thAn BOO ^JnliaVg UW ti tSfiJitsin 
their hematocrit in the suggested tiijet range:- 
If the hem*tociittja|iiaioA,befewr^falUJtdc^. lb* sttg- 
gwsVesl t*irot rf;0(irpcjst«?e«?bo9U;Jt<«^fr^ 
(the ftranflfeiTV^; fstWCtion 4r. Wf^Jhaa ^O^fc; ♦vppl^jnantal 
an»a«b9uld.b»*jBpnittflsd-tf ti^srVai^ saturstioftis 
.BTTLsier than 20a;,.the doM of PfOOE?! * W.V iaereaspd- 
Suc)).dos«.incr*ss««>ha!4d.pot,be msdeimore frequently 
.than onoe V -niooth, unless ,cHrJcaI]y. iodka tad,. as. the. re- 
apooae time c/ the Umatoetit tq.a dote. uuTease cfui be 3 to 
£ .w<>eks- HamstficTit should b^ measured twice weekly for 2 



have been shown to maintain hematocrits of 36% to 3S% for 
up to 6 months.' ' 

Delayed Of Oimlnishsd Rssponss: Orer ^St of patients 
with CRF responded with clinically ligniS cant iacreas« in 
hematocrit.'aod virtually -all palieaU were* transfira ion- 
independent within approrimstely 2 TDotrths of initiation of 
EPOGEN* therapy. ■ ■ ^ 

If a patient fails to respond cr maiotsin a response, other 
etiologies should be considered and erslosted »J dinically 
Indicated (see PRECAUTIONS for diseussioa of delayed or 
dimlnshed response). " 

Prior to beginning EPOGEN®, it is recommended that the 
endogenous senun eiythropoietin le%el be determii>ed (prior 
to transfusion). Availsble evidence ruggeaU thst patients 
receiving zidovudine with endogenous serum erythropoietin 
levels > 600 mUnita/mL are unlikely to respond to therapy 
with EPOGEN®. 

Starting Dos«: For pstieoU with serum erythropoietin lev- 
els £ 60tf mUnits/mL -who arc reoei\-ing s dose of bdowdinc 
S 4200 m^Areek, the roeotaloended starting do»e of EPO- 
GEN* is 100 Unitaflcg « an IV or SC injection TIW for 6 
weeks. 

ktcrsas* Dos«: During the dose adjustment phase of ther- 
apy, the hematocrit should be monitored weekly. If the re- 
sponse is not satiafsctor^- in terms of redudag transfusion 
requiremenU or increasing hematocrit after 8 weeks of 
therapy, the dose of EPOGEN* can be ine^ssed by 50 to 
100 Unita/kg TI^', Response should be evaluated every4 to 
8 weeks thereafter and the doae adjusted sccordingly by 80 
to 100 Units/kg incremenU TIW. If patienU hsve not re- 
sponded satisfactprily to so EPOGEN* dose of 300 Unita/kg 
TIW, it ia unlikely that they will respond to higher dosei of 
EPOGEN*. 

MaliTtanance Doss: After attainment of the desired re- 
sponse (ie, reduced iranjfastan requiremenU or increased 
hematocrit), the dose of EPOGEN* should be Ulrated to 
maintain the response based on factors such as variadoru in 
zidovudine dose and the presence of inUrcurrest infectioua 
or inflammatory episode*. If the hemstocrit exceeds <(>%, 
the dose should be discontinued until the bemstocrit drops 
to 36%. The dose ihould be reduced by 25% » b«n trestment 
is resumed and then titrated to maintain the deiired hemat- 
ocrit. 

Ctncmf FtthnU on Ch^methirmpy 

Baseline endogenoui serum erythropoietin levels vsried 
among patienU in theM trials with approxiiostely 75%. (n » 
83/110) having endogenous serum erythropoietin levels < 
132 roUnitsftnL; and approiimstely 4% (n ■ VllO) of pa- 
tients hsViag eadogeaoui serum erytlirepoietin levels > BOO 
laUttitsAnL. In general, patienU' with lower baseline aerum 
erythropoietin leVeb responded more vigoroiily to EPO- 
GEN* than patieoU with higher eiythropoietin levels. Al- 
though no specifie serum ery^iropbietin level can be stipu- 
lated aboT« which pstieats trould be oalikely to. respond to 
EPOGEN* therajpry, trestment of patients with grossly ele- 
vatod aerum arythropoietin levels (it. >*200 mUnit*^) is 
not recommended. The hematocrit should be monitored on a 
weekly basis in pstieoU r^eiving EPOGEN* therapy until 
hematocrit becomes stable. 

Stsrtlna Dosa: The recommended sUrtinf dose of EPO- 
GEN* ts 1 Ml Uniu/ kg SC TIW, 

Dos* Adjuftmsot: If the response is not satisfactory in 
terms of redndng transfusion requiremenU or increasing 
hematotrit after 8 weeks of therapy; the dose of EPOGEN* 
can be increased op to 300 UnJtikg TIU'. If patienU have 
not responded satisfactorily to an EPOGEN* dose of 300 
Unita/kg TIW. it is unlikely thst they will respond to higher 
doses of EPOGEN*. If the hematocrit exceeds 40%, the dose 
<jf EPOGEN* should be withheld untQ the hemstocrit falls 
to 86%. The dose of EPOGEN* should be reduced by 26% 
when troatment is rvsumed and titrated to maintain the de- 
aired hematoeriL If the initisl dose of EPOGEN* indudes a 
very rapid hematocrit reaponse (eg. an increase of more 
than 4 percentage poinU in any 2-we«k period), the dose of 
EPOGEN* should be reduced. 
Surg*rf FmtJ»nt* 

Prior U initiating treatment with EPOGE.N** s hemoglobin 
should be obtained to esUbliah that it is > 10 to s 13 g/dU" 
The rvconimended dose of EPOGEN* is 300 Units/kg^day 
subcutaneously for 10 days before surgery, on the day of sur- 
gery, and for 4 days after surgery. 

An alternate dose schedule is 800 Unita/kg EPOGEN* lub- 
ctitaneously In once weekly doses (21, 14. and 7 days before 
surgery) pl«» • lounhdose on the day of surgery.' 
All patienU should receive adequate iron supplementation. 
Iron supplemeoUticB should be initiated no Ister than the 
beginning of ireatment with EPOGEN* and thould coa- 
tinue throughout the course of therspy. 



PREPARATION AND ADMINISTRATION tO EXPO 

,1. D0t.shakif,.4t is^.pot ne o»aaiy to shake EPOGEN* 
ilJgjTjloAg^Bd vjgojou* sK^^ denature any'glycpp'ro 

t^la^/aiaenn^ltl^il^ 
3. JWreol«TJ.<^reg prod^jcU^^uJd be'lpsp^cted viaiially foi 
,^f,particulaLt Jcu'tt«T 4^a«mlpriatioB prior ^ .a^nuiustra- 
tSciii^ Ti^^uo\rMj!pj-y^^ .exhibiting 'puaj^ oi 
"-.^'diseoloratipnl . ; . 

3.Usiag JuiF«fe tochiuquei, a ttadi s sterile needle fq a ster 
. il< jyiiage. 'Ifo move the flip top from the .vial contaioin; 

EPOGEN*, sni3^wip< the aeptum with' a disinfectant. In 
..aert the nee^dle tato-the vial, and withdraw into the sy 
ringe an appropriate volume of solution. 
4 Singls-dosa 1 mL vial contains do preservative. Use ont^ 
. doee per vial; do -not rfr^o^'' ^< ^ntH. Discard unused 
portions.^ ' • . . 

Muhidost 1 mL and. 2 mL. vials ^ntain.preservsttve 
Swre at 2* to S*C after initial entry and between doses 
XHscard 21 (laya after initial entry.' 

5. Do not 'dilute or administer in conjunction with other 
d.-i£e solutions. However, at the time of SC administra- 
tioa. pi^rvative-free EPOGEN* from single-use vial* 
ttsy be admixed in a syringe with bacteriostatic 0.9% so- 
dium chloride iejection. USP. with beniyl alcohol 0.9« 
(bacteriosUtic saline) at a 1:1 ratio using aseptic tech- 
nique. The benxyl alcohol in the bacteriostatic saline acu 
as a local anesthetic which may amerlJorate SC ii^jection 
site discomfort. Admixing is not necessary when osinp 
the multidose vials of EPOGEN* containing beniyl slco- 
tel. . 

HOW SUPPLIED 

EPOGEN®, icontaining Epoetin alfa, is available in the fol- 
Icwiog packages: 

1 bL Slngle-dos*. Pr»sWvstiv*-fre« Solution 

2000 Unita/mL (NDC 65513-126-10) 
3000 Unita/mL<NDC 655 13-267- 10) 
4000 UnitaAnL CSDC 65513-148-10) 
10,000 Unita/mL (NDC 55513-1+4-10) 
Supplied in cartons cnnUintng 10 single-dose vials. 

2 niL Muftidosa, Prsssrved Solution 

10.000 UniU/mL (NDC 55513-283-10) 
1 ml. MuWdose, Prsssrvvd Solution 
• 20,000 Unita/mL (NDC 55513-478-10) 
Supplied in cartons containing 10 multidose vials. 

STORAGE 

Store St 2" to 8*C (36- to 46' F). Do not freexe or shake. 
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7^'u«'1mtvi^-b gt!Ocrfiit»d alkiipc rued od^ taldn^ , 
£POC£Na.'ind aotiiy i)iodMKr .mtairstaej medicAl 'l>er-^ 
•oomI iinediately. ■* -MfJ ] ■- v .f I'-' -J 
How wffi I kAew H EPbGEN« t» woricJrtg? ' 

in ^KiEuJtocfTt (the; Amount 'tifrrtd :bk>bd cells in>l>e,t)looa} 
UiAt ' FMul U" from^'EPOCEkfr' theraj);fThfe Hm ' iti' hetaa U>- 
erit u Dfit Imineaite.ilt' iiiuillj t«le«'*ji«il 2 to 6.w<«V 
t>«rciT« tbie b^BoAtcK^ staitfl to' Ttae.' .Hie amount 6f time It 
tokMi', and Ibe doae'of EPOGETiS th«t 'U needed to mAke 
Ibit beinAtocrit'tocreue, Vftries from patieat to patiefiL'" ' 
Wh«t Im th« mo«t Important Inforrnarfjon I shoufd Itnbw 
•bout EPOGEN« and CMfiOWC RENAL FAILURE? * 
EFOGEK<S> hu been prescnbied for you 'by your doctor be- 
c«ii*e you; 

3. Have ^emia due to yoiir iidiiey di»«**«. . 

2. Are able to dialyie at .homt..^ ^ , . ', - v j 

3. Have b«n detcnnlned to be able to adminiiLer EPO- 
GEK® without direct medical or other aupernaios. 

A lack of energy or feeling of tiredneaa is the'siA}<*r aymptom 
of anemia. Additional aymptoms include tbortnesa of 
br^th, chest pain, and Xeeling cold all the time, Tht reaaon 
for these symptomi ia that there is « lack of red blood cells. 
Red blood cells. carry oxygen, which ia important for all of 
the body's functions. When there are fewer red blood cells, 
the body does not get all the oxygen it needs. 
.Kidneys remove toxins. from the blood; they also measiire 
the amount of oxygen in the blood. If there is not enough 
oxygen, the kidneys will produce a honnooe called erythro- 
poietin. ETythropoietin is released into the bloodstream and 
travels to the bone mamow where red blood cells are made. 
Erythropoietin signal* the boae marrow to make more oxy- 
gcD-carrying red blood cells. 

As the kidneys fail,, they stop cleansing toxins from your 
body. They also make less erythropoietin than they should. 
Therefore, the bone marrow does not receive a strong- 
enough signal to make the oxygen -carrying red blood cells. 
Fewer red blood cells are produced so the muscles, brain, 
and other parts of the body do not get the oxygen they need 
to function property. 

Most patienU treated with EPOCEN®no knger need blood 
transfusions. However, certain medical eonditiooa, or unex- 
pected blood loss, may result ia the need for a transfusion. 
What do I n**<l to knew if I am giving mr*«tl EPOGEN® 
injections? 

When you receive your EPOGEN* from the dialysis center, 
doctor's office or home dislysis supplier, alwavt check to see 
that; 

l. l^e name EPOGEN® appears on the carton and vial la- 
bel. 

2- You will be able (o use EPOCEN® before the expiration 

date stamped on the package. 
The CPOGEN® solution in the via] should alwsys be clear 
and colorless. Do not use EPOC EN® if the conleots of the 
vial appear discolored or cloudy, or if the vial appears lo con- 
tain lumps, flakes, or particles. In addition, if the vial has 
been shaken vigorously, the solution may appear to be 
frothy and should not be used. Therefore, care should be 
taken not to shake the EPOCEN® vial vigorously before 



,.1MPOtrrASr:.TO*1ELf AVOO COfiTAAmiATKWAAtDJ>OS- 
&Bl£'*tPECT10H \FqU.OW-nt£S£ ViSTRUCnONS CX-^ 

ACTvr. ... - / - : .- .. -.k'x . 

PR£?A^^^^#G THE oose - . . ,. . ■ • — . 

W«ah|jw hkn<I«-thoroogJiIy with 'aM water be- 

.■ \ ' ■"•fore -prtiiariag th<'iilodieaiia=C -T^ i>;'": rT"- •' '^'^ ' * 




2. Check the date on the EPOGE^f® vial to be sure .that 
the drug tiaa not expired. 

3. .Resxjvt the vial of EFOCENjS from the refrigerator and 
allow it to reach room tamperature. Unless you are ui- 
log a Uultidose vial, each EPOCEN® vial is designed to 
be u»ed only once. It is not £c«e«aaiy to shake EPO- 
GENX. Prolonged vigorous shaking, may damage the 
product. Assemble the other supplies you will need for 
your ic,^«ctioa. 




. Henodialysis patieoU should wipe off the venous port 
of the hemodialysis tubing with an antiseptic swab. 
Peritooaal dialysis patients should cleanse the skia 
with aa antiseptic swab where the itu'ection is to be 
msde. 
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EPOGEN« ■ ' . 
(RECOMBiriAffT EPOETIN ALFA) ' 

Whsrt ts Ef>OGEN« and how does It work? 
EPOGEN® ts a copy of human erythropoietin, a hormone 
produced primarily by healthy kidneys. EPOGEN® replaces 
the erythropoietin that the failed Iddneys can so longer pro- 
duce, and signals the bone marrow to -make the oxygen- 
carrying red blood eelb ooce again. EPOGEN® is produced 
in mammalian cells that have been genetically altered by 
the addition of gene for the natural substance erythropoie- 
tin. ■ 

HoW should I take EPOGEN«? 

In those situations where your doctor ha* determined that 
you, as a borne dialysis patient, can aelf-ad minister EPO- 
GEN®, you will receive instruction on how much EPO- 
GEN® to use, bow to tiu'ect it, how often you should ir^ject it, 
and bow you should dispose of the unused portion* of each 
vial. 

You will be instructed to monitor your blood pressure care- 
fully everyday and to report any changes ouUide of the 
guidelines that your doctor has given you. When the num- 
ber of red blood cells increases, your blood pressure can also 
increase, so your doctor may prescribe aome new or addi- 
tional blood pressure medication. Be sun to follow your doc- 
tor's ordera. You may also be instructed to have certain lab- 
oratory testa, auch as additional hematocrit or iron level 
measurements, done more frequently. You may be aaked to 
report these testa to your doctor or dialysis center. Also, 
your doctor may prescribe additional iron for you to take. Be 
sure to comply with your doctor's order*. * 
Continue to check your access, as your doctor or nurse has 
shown you, to make sure it is working. Be sure to let your 
health care professional know right away if there is a prob- 
lem. 

AI1»rgy to EPOGEN9 

Patients occaaionally experience redness, swelling, or itch- 
ing at the site of irvjection of EPOGEN®. This msy indtcaU- 
an allergy to the componenU of EPOGEN®, or it may indi- 
cate B local reaction. If you have a local reaction, consult 
your doctor. A potentially more aerious reaction would be a 
generaltud allergy to EPOGEN®, which could cause a rash 
over the whole body, shortness of breath, wheezing, reduc- 
tion in blood pressure, fast pulse, or sweating. Severe cases 
of generaliMd allergy may be life-threatening. If you think 



Single Usa Via[s-S ' . \, ^ . 

If you have been prescribed EPOGEN® vials for ungle use, 
your vial will have a capital "S" with a number' next to it 
identifying the coo centra t ion q£ EPOGEN® in the vial, 
printed in a colored dot on the front left side of the label (for 
example, *S2* identifies ■ single use vial with 20CK) Units/ 
mL). Single uae means the vial cannot be UMid more than 
once, and any unuaed portion of the vial should be discarded 
as directed by your floctor or dialysis center. 
MuWdosa Use VUls-M 

If you have been prescribed EPOGEN® Multidose vials, 
your vial will have a capital *>r with a number under it 
identifying the concentration of EPOGEN® in the vial, 
printed in a colored dot on the front left side of the label (for 
example. *M10* identifies a Multidose vial with 10.000 
Unita/mL). Multidose EPOGEN® can be used to iiuect mul- 
tiple doaes aa prescribed by your doctor, and may be stored 
in the refrigerator (but not the frreiing compartment) be- 
tween doses for up to 21 day*. Follow your doctor'* or dial- 
y*i* center's instructions on what to do with the used vials. 
Hov/ should t stof* EPOGEN9? 

EPOGEN® should be stored in the refrigerator, but not in 
the fr«#cing compartmenL Do not let the vial frceie and do 
not leave it in direct aunlighl. Do not use a vial of EPO- 
GEN® that haa been froien or after the expiration date that 
is stamped on the label. If you' have any <iue«tions about the 
safety of a vial of EPOGEN® that has been subjeetod to 
temperature extremes, be sure to check with your dialysis 
unit staff. 

Always usa th« correct syringa 

Your doctor has instructed you on how to give yourself the 
correct dosage of EPOGEN®. Thi* dosage wil) usually be 
measured in Units per milliliter or CCs. It is important to 
use a syringe that is marked in tenths of milliliters (for ex- 
ample. 0.2 mt or CO. Failure to use the proper syringe can 
lead to a mistake in dosage, and you may receive too much 
or too little EPOGEN®. Tbo little EPOGEN® may not be 
effective in increasing your hemstocrit, and too much EPO- 
GEN® may lead to a hematocrit that i* too high. Only use 
dispoaable syringes and needles as they do aot require rter- 
ilixation; they *hould be used once and disposed of a* in- 
structed by your doctor. 



6. Flip off the red protective cap but; do sot remove the - . 
gray rubber stopper. Wipe the top of the gray rubber 
stopper with an an dseptie r^ab. 




6. Using a *%-ringe and needle designed for tubcutaheou* 
injection, drsw air into the sjrringe by pulling back on 
' the plunger. The amount of air should be equal to' your 
EPOGEN® dose. 




7. Carefully remove the needle cover. Put the needle 
through the gray rubber stopper of the EPOGEN® viaL 



trrformatten wlU b« suparsM^d tty supplamants aod sub*«qu«rrt adhlons 




f RODUCT INFORMATlf 



* Ihe.plun^.ta to <li»eh&<t« •i' into the vUl. .The 

br^c«ir iiv«l«<I tototh* rial wilj »lk"prJEP0OEN* 
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■9. Turn th« vi«l and ■yrin^e upaide down tn one bftnd. B« 
«art the tip of the o«ed]e i* iu.the EFOGEN* Mlution. 

.. -Your oUmt hand will be fr»o .to move the plunger. Draw 
h*ck 00 the plimgef alowly to.'draw the correct dose of 

■ EPOGEN® into the ayringe. 




10. Check for air bubblei. The air ta hanxJeaa, hut too large 
an air bubble will reduce the EPOGEN® doac. lb re- 
jaovt air bubble*, gently tap the ayringe to Eoove the air 
bubble* to the top of the ayringe. then use the plunger 
to push the aolution and the air back into the vial. Then 
remeaaure yoiir correct dose of EPOGEN®, 

11, Double cheek your doae. Remove the needle fnm the 
vial. Do not lay the ayringe down or allow the needle to 
toDch anything. 

INJECTING THE DOSE 

Fmtt*ntt on httm* hmmodislfilt using th» tntrtvmnotn tn- 

1. Insert the needle of the ayringe into the previously 
■eleanaed venou* port and iiyoct the EPOGEN®. 




1 Remove, the lyringe and diapoae of the whole tmit. U9* 
tha aitpo**btf MfHng* only one*. Dispose of syringes and 

. ineedlea as directed by yoiir doctor, by following these aim- 
pit steps: 

V, iiaed needle* and ayringe* lo a hard plsstie 

J «ntainer with a *crew-eh<ap, or a metal container 
. ■ pT»*tic lid, such a* a coffee can properly labeled 
V '_as to unteoL If a metal cootainer it used, cut a amall 
■ hole in the plastic lid and Upe the lid to the metal con- 
taiaer. If a hard-pi ssUc container is used, always acrew 
. the cap on tightly after each uae. When the container is 
-v .fidl, tape around th* cap or lid. and dUpoae a/aooording 
r- . to your doctor's instruetiooa. , 

-t; • Do not use gUsa or dear plastic oontainer*. or any coo* 
.,. tainer that will be recycled or returned to a store, 

• Always store the container out of the reach of children, 
.. Pleaae check with your doctor, nurse, or phanaadsl for 
iuggestion*. There may be ■pedal sUU and local 
law* that they will discua* with you. 
^rfanit* on hom* p»rHon^1 dtmlysh or horn* 'h*modl»fr*f» 
Wing th« tubctrtsn^out rout*: 

^«n<*. ■tabilite the previously cleansed skin by 
■ ';spT«adiDg it or by pinching up a large area with your free 
=■ hand. 




r,*n the syriiib. Ij^-*-t!iei>«Ile fa*iehtl:^jKe,*kin ' 



2. Hold the (jTinge with the other hand, at you would a pen- 
cil. Double check that the correct Amouat of EPOGEN® it 




3. Hold an antiseptic r»-»b t.^e needle and pull the nee. 
die straight out of the ikL-.. Press the antiseptic awab 
over the ii^ectian ai:* tzr several seconds. ' ■ 

4. t/»# fh# disposable sxTTv* <«V OOC9. Dispose of syrin- 
ges and needle* as di."er.«; ty ycur doctor, by following 
these simple steps: 

■ Place all used needles t^i tTTi.-\gea in a hard plastic 
container with a »err^-c=-c*p, or a metal container 
with a plastic hd, suci u ■ coffee am properly labeled 
as to conteot. If a oe^L ecstainer is used, CMt a smaU 
hole in the plastic Ikf tzz Upt the lid to the metal con- 
tainer. If a haid-plast:; cszUiner is used, always screw 
the cap on tightly t*i use. When the container is 
full, taper around lie ct; cr lid, and diapoM of accord- 
ing to your doclcr'f i:irj-;edofts, 

* Do not use glass or d**.- ;r:iitie containers, or any con- 
tainer that will be TKy^fi er returned to a store. 

• Always store the ecn-ji-«.- cut of the reach of children. 
" Please dieck "ith rs-j^ iocwr. nurse, or pharmacist for 

other auggeitionj. There =ay be special state and local 
laws that they di*r^M »n:h you. 
5. Always change the *:'.« eadi iiyection as directed. Oc- 
cassionally « probles; =it if%ebp at the iryection aite. If 
you notice a lump. f^trj.r^, tt bruising that doesnt go 
away, contact your ix-^r. Y:-; =:*y wish to record the site 
just uaed so that j-ou ea.-. k— ; track. 




USAGE IN PRECNANCl- 

If you are pregnant or tiinii^ 1 baby, consult your doctor 
before using EPOGEM. 

IMPORTANT NOTES 

Since you are a heme di«J>iis f*i«=t and your doctor allows 
you to self-administer please note the following: 

1. Always follow the'iaaL-jcicij of your doctor concerning 
the doaage and ad£i:i:i*..-a:::n of EPOGEN®,- Do sot 
change the dose or i»c-sA:isi far administration of 
EPOGEN® without fxziM-^~=^ your doctor, 

2. Your doctor wiL tell ycu wb*: to do if you mis* a doso of 
EPOGEN®, Always kee; ■ ipsre syriogv and noedle on 
hand. 

3. Always consult your doc-*f if you notice anything un- 
usual about your coodi'Jrs cr your use of EPOGEN®, 

AMGEFM 

Manofac^ured by: . ' ' 

Anigen lac. ... 
1840 DeHavilland Drive 
Thouaand Oaki, OA 

91320^1789 '' ' ' . 

Issue Dati:'iyi4/96 L'S E?0 Ccpy Rev " * 
01996, 1997 Amgea All Fi^u Rasejvod, - , . 
P30035D 2SM/1-S7 . 

Shown in Product /fev-.^crrion Guide, page 304 



INFERGEN® 
tlntarferon alfacon-1] 




DESCRIPTION 

Interferon alfacon-1 is s re^==ii:--.aat oon-nsturally. occur- 
ring type-I interferon. I^-e 3?^-»-ino seid se<|uence of In- 
terferon alfscon-l wai itr.\ti zy scanning the sequences of 



Compari*oW}th,iat^trliui«VTb«*4 *;"e-<=r 
of the luniao aodjtodtioQa. Interferon ^coo 1 i> '—r r . - 
in Sf<Ji*ritJua coU <S oelLi that have be«= rseics^ 
"altered by inaertioo df a syntbetically.eoiiatruci^d MKpa 

that' codes fbrlntarfaroo alfaobb-l.i Prior to 

tira, Interferoa alfacon-l is allowed tooiidiM t: r-j 
■Ul«, and iht fijlal purity is achieved by sequeac 
over a serKs of chromatography columns. This pr: 
molecular weight of 19,*^ d<&tonj». InfeJien® is • 
Inc. ti^detnork fpr Interferes alfacon-l. ' 
Infetien is a stenle, clear, colorleasi pre*eirvstiv«.£r^ 2^ 
formulated with lOO" mM abdium chloride and 15 - w 
dium phoaphate at pH 7'.0 * pi. The product is .-r ^-'»- ^i 
aingle-uae vials and prefilled syringes oontainiiii = =^ 1 
15 Ktcg Interferon alCaooo-l at a fill volume ef =l1 i 
0.5 mL, respectively. Infergen vials and pre^Ues: «7r-=. 
contain 0.03 ing/mL of Interferon alfacon-I, 5.S ^r~^' 
dium chloride, and 3.6 mg^iL sodium pbo«phai« £^ 
for Iruection, USP, The Infergen SingleJecl"* prtfZe^ 
ringe has a glass b«CTTe1 and a 26 gauge, S.'S i=^ r„— 
Infergen is to be adminietered undiluted by r~hr:rj^^ 
(SO iiyection. 

FonnulatioD, filling, and packaging operatioas fcr ~— 'j— ; 
.are performed by Amgep Puerto Rito, a wholly-c^-^ Z 
stdiary of Amgea Inc. ' " 

CLINICAL PHARMACOLOGY 
Ganeral 

Interferons are a family of naturally occurring, «— ■ ' 57 
tein molecules with molecular weights of IS.O-X ll.^ 
daltons that are produced and secreted by cells 
to viral infectiooj or to various synthetic sod ticTc^cad. 
ducera. Two m^or classes of interferons have b«e= i-r- 
Ced (ie, type-} and type-II). Type-1 interferocs -.^ j^ 
family of more than 25 inUrferon alphas a£ wel aj 
feroQ beta and interferon omega. While alt alpha ti-er:^ 
have aimilar biological effecU, not all the ani-.ii^a : 
ahared by each alpha interferon and, in many caMa. ~« 
Unt of activity varies aubetantialty for each inlerrer-a: k 
type. 

All type-I interferona share common biological 
generated by binding of interferon to the cell-surffcis .-^s 
tor, leading to the production of several interfe.-Tti-*c= 
lated gene products. T>pc-I interferons induce ;r«ic:^ 
biologic responses which include antiviral, anlijr^iZi^rK; 
and immunomodulatory effects, regulation of c«3 tcrr^ 
m^or hintocompatibility antigen (HLA class I a^i -'"» 
exprvssioo and regulation of cytokine expressios. " -— - — 
of interferDQ-ftimulaiod gene products Include 2 5 
enyiata aynthetaae (2'6'. OAS) and p-2 microglofcu:i=. 
The antiviral, antiproliferative, NK cell aetiv*isc. *: 
gena-Induction activities of Infergen have beea j s- 
»-ith other reoombin*nf alfa intorfcnm* in in risr^ 
and have demoostr* ted similar ranges of activity. Irnsr-; 
exhibited at least five timet higher specific actrri^ U 
than Interferon alfa-2a' and Interferon alfa-2b.* Cjs=5«; 
of Infergen with a WHO international potency- w^tLir- 
reoombinant interferon alfa {83/514} revealed tha: ih* 
cifie activity of Infer^h'iii both an m vitro Mnti>',r*l : 
pathic effect, assay and aa aa Up rolifer stive asaey wu 
10* U/mg. However, correlation between in ii;.-r t.zz 
and clinical activity. of any interferon is unknown. 
Pharmacokinetics and Phsmascodynsmlc* 
The phamaookinetic properties of laTeigea have i« : 
evaluated tn patients with chronic hepatitis C. Pha.r:M 
kinetic profile* were evaluated in normal, baalthy v-i-^^a--- 
subjecta aAer SC ii^jection of 1, 3, or 9 meg Interferrt: a.^- 
eon-1. Plasma levels 'of Infergen aAerSC admini*=-i=c= v' 
any doae were too low to be detected by either ELIE.*. =• 
inhibition of viral cytopathic effect. However, aniiyria 
fergen-induced cellular products* (induction of 2' 5' Ca5 air:; 
p-2 microglobulin) aft«r;treatment in these cjbjec^ r^- 
vealed a statistically significant. do*«-related,lccr».s« ^ 
the area under the .curve (AUG) for the Ir^els of 2; S Ca5 =- 
P-2 microglobulin induced oyer time (p < 6,001 fcr *Z ss=- 
parisons), Cooccntrationa of 2'6,' OAS wart roa.c=;.fc: t 1^ 
hours after dosing, while servm IsveU of P-2 micrj^fcca!:- 
appeared to roach a maTimum 24- to 36 hours aiter ti--fi-^ 
The dose-reaponae relationships observed for 2'S' C,\S it::: 
9-2 microglobulin were indicative of biological ac tJn r / xrtsr- 
_SC admlnistratian of 1 to 9 meg Infergen. 
"Pr»cltfiical E»p»ri»nee 



Alt ^interferons have been shown to be highly s;«c:«^ fc^ 
diic. Antinral activity of Infergen wa« observed is -J-.t —<e 
sus monkey LLC cell line and golden Syrian hanisvir El-f? 
cell line. Antiviral activity of Infergen in the galce* rj-ras 
hamster was confirmed further tn vivo.' Pharmastii: 



studies of Infergen in golden Syrian hamsters a.-.d ri« 
monkeys demonstrated rapid absorption followinf SC =::e 

ContSnuod on noxt 
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ORTHO BIOTECH/2125 



. - lej ORTHOCLONE OKT3 as a single intrave- 
i J^^rtrtlus) injection in less than one minute. Do not ad- 
dc-^_ ^ by intravenous infusion or in conjunction vnth. 
i^dJug solutions. 

.^/'IONE 0KT3 is supplied as a sterile solution m 
Oi=^^ ofi ampiiles (NDC 59676-101-01). Each 5 mL am- 
f«^*^»,;n5 5 me of muromonab-CDS. 

^'^'^^re iiT a refrigerator at 2* to 8'C (36' to 46-F). 

SOT FREEZE OR SHAKE. 

JtE^^^c'^xxiley SL, O'Connell JB, et al. Aseptic Men- 
I. '^'^'"h/ follo'^g Cardiac Transplantation: CUnical 
^teristics and Relationship to Immunosuppresstve 
^^^Z. Neurology- 41:249-252; 1991. 
^f^lt^ih LegendTe C. Ferran C. et al. Corticoster- 
^ ^iSaan of the 0KT3 - Induced Cytokine-Related 
- Dosage and Kinetics Prerequisites. Trans- 
gyottroi" 51-334—338 1991. 

t^^TlsU Preiksaitis J. Harvey E, Jones C. Herbert 
P HaUoran PF. tt cX. Is Sequential Use of 
Tir^d 0KT3 in Renal TVansplants Associated with 
Thiffeased Incidence of Fulminant Post Transplant 
tJaphoproUferative Disorders? Transplant. Pr6c. 23: 

. Se'r Kb'mU J. Rosenthal JX erai. OKTZ for Re- 
-iifln Reversal in Pediatric Renal TransplanUtion. 
rw^ Transplantation 2:180-184, 1988. 

. ^So?S D«^l^oi^a. Patterson T.efo^OKT3Fi«V 
S^ReaSion: Association with T CeU Subsets and Cy- 
^el^lease. Kid. Intert^tion.a 39:141-148 1991^ 
r Mman M Abramowicz D. DePauw L. tt al OKT3- 
w^c«d Cytokine Released Attenuation by High-Dose 
.5SylP^«l°°«-L«>«t 2:80^-803. 1989 • 

, nSo Multicenter Transplant Study Group. A Random- 
SJScal Trial of 0KT3 Monoclonal Antibody for 
A«ite Rejection of Cadaveric Renal Transplants. 
Eagl J. Med. 313:337-342, 1985 - 

. Pein L The Changing Patterns of Posttransplant Mahg- 
nSdes. Transplant. Proc 23:U01-1103.1991. 

4 Rubin RH and Tblkoff-Rubin NE. The Impact of Infec- 
Son on the Outcome of TVansplantation. Transplant. 
Proc 23:2668-2074, 1991. , , 

10 SchroiSer TJ, Ryckman FC. Hurtubise PE, ^J^f 

* noloncal Monitoring Duringf and Following 0KT3 Ther- 
£ Children. Uin. Ti^plantation 5:191-196. 1991. 

11 Goldstein G. Fuccello AJ. Norman DJ, tt of- 0KT3 
' VoBOclonal Antibody Plasma Levels During Therapy 

aad the Subsequent Development of Host Antibodies to 

0KT3 Transplantation 42:507-511, 1936. 

Schroeder TJ, Michael AT. First MR, al. Variations m 

Senim 0KT3 Concentration Based Upon Age, Sex. 

Transplanted Organ. Treatment Regimen, and Anti- 
. 0KT3 Status. Therapeutic Drug Monitoring 16:361- 

367, 1994. „^ , r 

13 FirstMR. Schioeder TJ, Hurtubise PE. c£ al. Immune 

Monitoring During Retreatment with 0KT3. Transplan. 

Proc. 21:1753-1754. 1989. 
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PROCRU® 
EPOETIN ALFA 

PROCRTT registered trademark of distributor 
FOR INJECTION 

DESCRIPTION 

£T-hrcpoietin is a glycoprotein which stimulates red blood 
«11 production. It is produced in the kidney and stimulates 
tie division and differentiation of committed erythroid pr(> 
lenitors in the bone marrow. PROCRIT (Epoetin alfa), a 165 
»=aiio acid glycoprotein manufactured by recombinant DNA 
t«biology, has the same biological effects as endogenous 
*r7thropoietin.^ It has a molecular weight of 30,400 daltons . 
*=i i* produced by mammalian cells into which the human 
Kythropoietin gene has been introduced. The product con- 
the identical amino acid sequence of isolated natural 
*2lhnjpoietin. .. . 

PROCRIT is formulated as a sterile, coloriess, liquid m an 
aotonicwdium chloride/sodium citrate buffered solution for 
'atravenous (IV) or subcutaneous (SO administration. 
Singl..Dos». P«»ervative-Freo Vial: 1 mL (2,000, 3.000, 
*.000 or 10.000 Units/mL). Each- 1 mL of solution contains 
3.000. 3.000, 4,000 or 10.000 Units of Epoetin alfa. 2.5 mg 
Wbumin (Hliman). 5.8 mg sodium dtrate, 5.8 mg sodi^ 
*loiide. and 0.06 mg dtric add in Water for Injection, USP 
tpH 6.9*0.3). This . formulation contains no 
P^^wrvative. ^ - i 

Sinsl^Dose, Preservative-Free Vtal: 1 mL (40;000 Units/ 
=ii.). Each 1 mL of solution contains 40,000 Units of Epoetin 
2.5 mg Albumin (Human), 1.164 mg sodium phosphate 
'^"cotiasic monohydrate, 1.766 mg sodium phosphate diba- 
achydrate. 0.696 mg sodium citrate, 5.78 mg sodium 
=-oride. and 6.8 meg citric acid in Water for Iiyection, USP 
'JH 6.9*0.3). This formulation contains no preservative. 
J^uftidose. Preserved Vial: 2 mL (20,000 Units, lO.OQO 
^'«i*A'mL). Each 1 mL of solution contains 10.000 Units of 
Ejoetio alfa, 2.5 mg Albumin (Human), 1.3 mg sodium 



citrate. 6.2 mg sodium chlcride. 0.11 mg citric acid, and 1% 
benjvl' alcohol as prese3 ar.ve in VVater for Injection, USP 
(pH 6.1-0.3). «. . 

Multidos«, Preserved Vial: 1 mL (20.000 Umts/mL). Each 

1 mL of solution contain; 20,000 Units of Epoetin alfa, 

2 5 mg Albumin (HuminX 1.3 mg sodium citrate, 8.2 mg 
sbdium chloride. 0.11 =g cicric add. and 1% benzyl akohol 
as preservative in Water f;r Injection. USP CpH 6.1*0.3). 

CLLNICAL PHABJUCOLOGY 
Chronic Renal Failure Patients 

Endogenous production o: erythropoietin is normally regu- 
lated by the level of tissue cxj-genatioa. Hypoxia and ane- 
mia generally' increase the production of erythropoietin, 
which in turn stimulates erythropoiesis.^ In normal sub- 
jects plasma erythropoietin levels range from 0.01 to 0.03 
Unita/mL" and increaie to 100- to 1000-fold during hyp- 
oxia or anemia." In contrast, in patients with chronic renal 
failure (CRF), production of erythropoietin is impaired, and 
this erythropoietin deficiency is the primary cause of their 

anemia.''* - - . t. v " 

Chronic renal failure is the clinical situation in which there 
is a progressive and us-^ally irreversible decline in kidney 
function. Such patient* t=ay manifest the sequelae of renal 
dysfimction, including azemia. but do not necessarily re- 
quire regular dialysis. Pauents with end-stage renal disease 
(ESRD) are those padft:it3" ynt\i CRF who recjUire regular 
dialysis or kidney trar^plantatiori for survival. . . 
PROCRIT has been sho-'m to stimulate erythropoiesis m 
anemic patients with CRF, including both patients on dial- 
ysis and those who do not require regular dialysis. Tlje 
first evidence of a response to the three times weekly 
(T I W.) administratioa o: PROCRIT is an increase in the re- 
ticulocyte count within 10 da>-s, followed by increases in the 
red cell count, hemoglobin, and hematocrit, usually vnthm 
2-6 weeks.*'* Because of the length of time req uired for 
.. r^thropoiesis — severa: days for ery throid progenitors to 
m ature and be released into the circu ifttiori — a dimcally 
significant increase in hematocrit is usually not observed m 
less than 2 weeks and mav require up to 6 we^ s m some 
patients. Once the fcema'jcrit reaches the suggested^target 
range (30-36%), that ievel can be sustained by PROCRIT 
therapy in the absence of iron defidency and concurrent 
jUnesses. . . . j 

The rate of hematocrit ir-crease varies between patients, and 
is dependent upon the dcse of PROCRIT, witihin atherapeu- 
tic range of approjdir.ately 50-300 Units/kg (TI.W.) * A 
greater biologic respo:-€ is not observed at doses exceedmg 
300 Units/kg (T.I.W.).* Other factors affecting the rate and 
extent of response i-cl-jide availability of iron stores the 
baseline hematocrit, and the presence of concurrent medical 
problems. 

Tirfov udine-treated HIV-infected Patients 
Responsiveness to PROCRIT in HIV-inlected patients is de- 
pendent upon the er-drseaous serum erythropoietin level 
prior to treatment. Patients with endogenous serum eryth- 
ropoietin levels £ 500 =;Units/mL. and who are receiving a 
dose of zidovudine £ 4.200 mg/week. may respond to 
PROCRIT therapv Fa-.:*nts vrith endogenous serum eiyth- 
ropoietin levels '> 500 mUnits/mL do not appear to 
respond to PROCRIT tr.erapy In a series of four chmc^ tn- 
als involving 255 parle-ts. 60% to 80% of HIV-mfected pa- 
tients treated with zidovudine had endogenous serum 
erythropoietin levels i 500 mUnits^mL. . 
Response to PROCFJT in ddovudine-treated, HIV-infected 
patients is manifested by reduced transfusion requirements 
and increased heoatccr.t. 
C ancer Patients on Ch*moth«rapY 

Anemia in cancer patients may be related to the disease it- 
self or the effect of concomitantly administered chempther- 
apeutic agents. PROCRIT has been shown to mcrease he- 
matocrit and decrease transfusion requirements alter tne 
first month of therapy (months 2 . and 3), in anemic cancer 
parents undergoing chemotherapy 

A series of clinical trials enrolled 131 anemic cancer pa- 
tients who were receding cydic cisplatin- or non cisplatin- 
containing chemothe.-apy. Endogenous baseline serum 
ery-thropoietin levels varied among patients m these tnals. 
with approximately 75% (N=83/110) having endogenous 
serum erythropoietin levels s 132 mUnits/raL. and approx- 
imately 4% {N=4/110; cf patients having endogenous serum 
er.nhxopoietin leve:i > 500 mUnits^mL. In general. Pat>«>t^ 
with lower baseline s^rum erythropoieUn levels "sP^.^^J^d 
more vigorously to PROCRIT than patients with higher 
baseline erythropcierln leveU. Although no specific serum 
e^^opoietL leVel can be stipulated above which patients 
w^ b^^nlikelr to respond to PROCRIT therapy, treat- 
ment of patients '^Ith grossly elevated serum erythropoietm 
levels (e.g., > 200 nUiits/mL) is not recommended. 
Pharmaco kinetics _ 



half-life in CRF patier.U. The pharmacokinetics of 
PROCRIT have not been s:ud:ed in HIV-infected patients. 
It has been demonstrated in normal volunteers that the 
lO.OOO U/mL citrate -bufe red Epoetin alfa formulation and 
the 40,000 U/mL phosphate-buffered Epoetin alfa formula- 
tion are bioequivalent after subcutaneous a dm i n istration of 
single 750 Units^ltg doses. The C„„ and t^^ after adminis- 
tration of the phosphau buffered Epoetin alfa formulation 
were 1.80 * 0.7 U/mL a."d 19.0 ± 5.9 hours (mean * SD), 
respectivehr. The coriesrcnding mean ± SD .values for the 
dtrate-buffered Epoetin a.fa formulation were 2 ± -0.9 U/mL 
and 16 3 ± 3.9 hours. Tnere was minimal accumulation in 
senua after two weekly 750 Units-tg subcutaneous doses of 
Epoetin aJfa. 

INDICATIONS AND USAGE ' 
Treatrnent of Anemia of Chronic Ren al Failure Patients 
PROCRIT is indicated in the treatment of anemia associ- 
ated with chronic renal failure, including patients on dialy- 
sis (end-stage renal disease) and patients not on <iiajysis. 
PROCRIT is indicated to elevate or maintain the red blood 
cell level (as manifested by the hematocrit or kemoglobin 
■ determinations) and to decrease the need for transfusions in 
these patients. ■ -j j 

Non-dialysis patients with symptomatic anemia considerea 
for therapy should have a hematocrit less than 30%. . 
PROCRIT is not intended for patients who require. immedi- 
ate correction of severe anemia. PROCRIT may obviate the 
need for maintenance transfusions but is not a substitute 
for emergencj' transfusion. i u 

Prior to initiation of therapy, the patient's iron stores should 
be evaluated. Transferrin saturation should be at least 20% 
and ferritin at least lOO ng^'mL. Blood pressure ?hould be 
adequately controlled priar to initiation of PROCRIT ther- 
apy, and must be closely monitored and controlled duimg 

therapy. ■ ^ -i ■ - 

FROCRFT should be ad=iinistered under the guidance of a 
qualified physidan (see -DOSAGE: and ADMINISTRA- 
TION'^. 

Treatment of Anemia in Zidovudi ne-treated HIV-infected 
Patients . , j 

PROCRIT is indicated for the treatment of anemia related 
to therapy with zidovudine .in HIV-infected .patients; 
PROCRIT is indicated to elevate or maintain the red blood 
cell level (as manifested by the hematocrit or hemoglobin 
determinations) and tc decrease the need for transfusions in 
these patiente. PROCRIT is not indicated for the treatment 
of anemia in HIV-infected patients due to other factors such 
as iron or folate defidendes, hemolysis or gastrointestinal 
bleeding, which should be managed appropriately. 
PROCRIT, at a dose of 100 Units/kg three times per we^, is 
effective in decreasing the transfusion requirement and m- 
creasing the red blood ceU level of anemic, HIV-infected pa- 
tients treated with zido-.-udine, when the endogenous serum 
erythropoietin level is ^ 500 mUnits/mL and when patients 
are receiving a dose of ddo%-udine ^ 4,200 mgft^eek. 
Treat ment of Anemia in Cancer Patient * on Chemotherapy 
PROCRIT is indicated for the treatment of anemia in pa- 
tients with non-myelcid malignancies where anemia is due 
to the effect of concornitantly administered chemotherapy 
PROCRIT is indicated tc decrease the need for transfiisions 
in patients who will be receiring concomitant chemotherapy 
Sr a minimum of 2 months. PROCRIT is not indicated for 
the treatment of ane=ia in cancer patienU due ^^^^^^ 
tors such as iron or folate defidencies, hemolysis or gastro- 
intestinal bleeding which should be managed aPP^opn^t^ly; 
Reduction of Allogeneic Blood TraP ^f"='on in Surgery 



Se with a drculatmg 
LaS-Se ranging approximately 4 to 13 hours m pa- 
tie- ts with CRF. ^V:thin the therapeutic dose range, detect- 
abfe levels of plasma erythropoietin are maintamed for at 
"alt 24 hours.- A*er subcutaneous admmis ration 0 
pToCRIT to pat:en-.s with CRF peak serum levels are 
achieved within 5-24 hours after admin^traUon *°<5 d«lme 
s'owiy thereafter Tnire is no apparent difference m half-Ufe 
Utweerpatlents net on dialysis whose serum creatimne 
Teve " were r«:e: than 3. and patients maintained 

S no^aWolunteers. the half-life j^^^^^^rio^^^^y^^^^' 
Jtered PROCPJT is approrimately 20% shorter than the 



PfU)CRI T is indicated for the treatment of anemic patients 
(h^oglobin >10 to g'dL) scheduled to '^i^^jo f f^^^^ 
noncaniiac. nonvasailsr surgery^ to reduce the need for ^- 
fogeheic bl^Kid transf.s:ons.--^PROCRIT is mdi«Ud for 
patients at high risk :cr pe-^^perative tat^fusions wi^^^ 
nificant. anticipated bi.od loss. PROCRIT is not ^^^^ 
for anemic patients who are willing to donate autologous 
blood. The safety of the perioperative use *>/ P^^f.^^^ 
been studied only in patients who are receivmg anticoagu- 
lant prophylaxis. r^T^r^forr 
Clinical Experience: Response to PROCBH 



Ch ronic Renal Failure Patients in 
Response to PKOCWi was consistent ^/^.^^^^^^ 
the presence of adequate iron stores (see '^^f^'^^^'T^e 
the time to reach the target hematocnt w a funcfaon of the 
baseline hematocrit and the rate of hematocrit rise 
The rate of increase in hematocrit ^4^Pf"^,«^,*3''^S. 
dose of PROCRIT --^"'^'"f S^ISO uSg 

ation. In cUnical trials at starting doses of ^^'^f^^^^l 
(TI.W.). patients responded with an average rate of hemat 
ocrit rise of: 



HEr.lATOCRlT INCREASE 



STARTING DOSE 
(T.l.W. IV) 



POINTS/DAY 



POINTS/ 
2 WEEKS 



50 Units/kg 
100 Units/kg 
150 Units/kg 



0.11 
0.18 
0.25 



1.5 
25 
3.5- 



Over this dose range, approximately 95% of all P^^"^^"" 
sponded with a chnitally significant 

^d by the end of a,;roximately 2 .n>^«°^^^ 5^ ^^"f^!^ 
ally all patients were transftision-m dependent Changes m 

Continued en next pago 
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quality of Ufe of patieats treated with fRpCRIT were, 
ssed ^ part of a Phase HI clinical trial.' " Once the tar. 
henatocrit (32-38%) was achieved, statistically sigrufi- 
improvemeKts were demonstrated for most quality of 
parameters measured, including energy and activity 
1 functional abiUty. sleep and eating behavior, health 
lis satisfaction with health, sex life, well-being, psycho- 
-al effect, life satisfaction, and happiness. Patients also 
jrted improvement in their disease symptoms. They, 
■ved a statistically significant increase in exercise capac- 
.-VO, max), energy, and strength with a significant re- 
:ion in aching, dirdness. fiMQCt^- shortness of breath, 
icle weakness, and leg cramps. • 

ients On Dialysis: Thirteen clinical studies were con- 
ted involving intravenous administration to a total of 
'0 ^emic patients on dialysis for 986 patient^years of 
OCRrr therapy. In the three largest of these clinical tn- 
the median maintenance dose necessary to maintain 
hematocrit between 30-36% was approximately 75 
itsAcg (TIW.). In the U.S. multicenter Phase ID study, 
proximately 65% of the patients required doses of 100 
its/kg CT-I W ) or less, to maintain their hematocrit at ap- 
.ximately 35%. Almost 10% of patients required a dose of 
Umtsfltg, or less, and approxiinately 10% required a dose 
nore than 200 Units/kg {T.LW.) to maintain their hemat- 
it at this level." \ . „„ 

nulticenter unit dose study was also conducted in 119 pa- 
nts receiviiig peritoneal dialysis who self-admmistered 
OCRrr»subcutaneously for approximately 109 P^^^nt- 
irs of experience. Patients responded to PROCRIT ad- 
nistered subcutaneously in a manner similar to patients 
•eiving intravenous administration, 
tients With CRF Not Requiring Dialysis: Four, clinical 
,als were conducted in patients with CRF not on dialj^is 
/olving 181 patients treated with PROCRIT for approxi- 
itely 67 patient-years of experience. These patients re- 
ondcd to PROCRIT therapy in a manner to that 

served in patients on dialysis. Patients with CRF not on 
alysis demonstrated a dose-dependent and sustained m- 
ease in hematocrit when PROCRIT was administered by 
:her an intravenous (IV) or subciitaneous (SC) route, witti 
:nilar rates of rise <if hematocrit when PROCRIT was ad- 
inistered by either route. Moreover. PROCRIT doses of 75- 
-,0 Units/kg per week have been shown to maintain hema- 
criU of 36-38% for up to six months. Correcting the ane- 
ia of progressive renal failure will allow patients to 
-main active even though their renal function continufcs to 
;crease.i»-« 

idovudine-treated HIV-inf ected Patients 
SOCRIT has been studied m four placebo-controlled tnals 
trolling 297 anemic (hematocrit < 30%) HIV-infected 
vIDS) patients receiving concomitant therapy with zidovu- 
tne (all patients were treated with Epoetin alfa manufac- 
ired by Amgen Inc.). In the subgroup of patients (89/125 
■ROCRIT, and 88/130 placebo) with prestudy endogenous 
Sum erj^opoietin levels ^ 500 mUnits/mL PROCRIT 
educed the mean cumulative number of units of blood 
-ansfused per patient by approximately 40%, as compared 
3 the placebo group." Among those patients who required 
-ansfusions at baseline, 43% of patients treated with 
■ROCRiT versus 18% of placebo- treated patients were 
ransfusion-independent during the second and third 
lonths of therapy. PROCRIT therapy also resulted m aig- 
Jficant increases in hematocrit in comparison to placebo. 
Vhen examining the results according to the weekly dose of 
idovudine received during Month 3 of therapy, there was a 
.tatistically significant (p <0.003) "^"'""^ ^^i^^^^^^*!^ 
equirements in patients treated with PROCRIT (N=51) 
ompaxed to placebo-treated patients CN=54) whose mean 
veekly zidovudine dose was S 4,200 mg^feek. 
Approximately 17% of the patients with endogenous se^ 
^Arthropoietin levels S 500 mUnitstoL receiving PROCRIT 
doses from 100-200 Unitaflig three times weekly {T.LW.) 
achieved a hematocrit of 38% vrithout administration of 
cransfiisions or a significant reduction in zidovudine dose. 
In the subgroup of patients whose prestudy endogenous 
serum erythropoietin levels ware > 500 mUmts/mL, 
PROCRIT therapy did not reduce transfusion requirements 
or increase hematocrit, compared to the corresponding re- 
sponses in placebo-treated patients. 

In a six month open-label PROCRIT study, patients re- 
srondcd with decreased transfusion requirements and sus- 
tained increases in hematocrit and hemoglobin with doses 
of PROCRIT up to 300 Units/kg (Jjyf.). 
Responsiveness to PROCRIT therapy may be blunted by in- 
tercurrent infectiousAnflammatory episodes and by an in- 
crease in zidovudine dosage. Consequently, the dose of 
PROCRIT must be titrated based on these factors to main- 
tain the desired erythropoietic response. 
Cancer Patients on Chemotherapy 

PROCRIT has been studied in a series of placebo-coctroUed. 
double-bUnd trials in a toUl of 131 anemic cancer patients 
Within this group. 72 patients were treated with concomi 
tant noncisplatin-containing chemotherapy regimens and 
59 patients were h-eated with concomitant cisplatin-con- 
taining chemotherapy regimens. Patients were randomized 
to PROCRIT 150 Units/kg or placebo subcutaneously 
(T.I.W.) for 12 weeks. 

PROCRIT therapy was associated with a significantly 
(p<0.008) greater hematocrit response than in^the corre- 
sponding placebo-treated patients (see TABLE). 
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» Significantly higher in PROCRIT patients than in placebo 
patients (p < 0.008) 

In the two types of chemotherapy studies [utilizing a 
PROCRIT dose of 150 Units'kg (T.LW.)] the mean number of 
units of blood transfused per patient after the first month of 
therapy was significantly (p < 0.02) lower m patients 
treated with PROCRIT (0.71 units in Months 2, 3) than in 
corresponding placebo-treated patients (1.84 units in 
Months 2, 3). Moreover, the proportion of patients trans- 
fused during Months 2 and 3 of tberipy combined was sig- 
nificantly (p < 0.03) lower in the patients treated with 
PROCRIT than in the corresponding placebo-treated pa- 
tients (22% versus 43%).^ , Tjurtz-TfTT 
Comparable intensitv of chemotherapy in the PBOCKll 
and placebo groups in the chemotherapy trials was sug- 
eested by a similar area under the neutrophil time cuive m 
Lticnts treated with PROCRIT and placebo-treated pa- 
tients as well as by a similar proportion of patients m 
groups treated with PROCRIT and placebo-treated groups 
whose absolute neutrophil counts feU below 1,000 cellsAiL 
Available evidence suggests that patiente wth lymphoid 
and solid eincers respond equivalently to PROCRIl 
therapy, and that patients with or ^thout tiimor mfilUa- 
tion of the bone marrow respond eqmvalently to PROCRIT 
therapy. 

Surgery Pa tients ,, ■. j t.i 

PROCRIT has been stuaed in a placebo-controlled, double-. 
, 1 iii—n. r>iK T»!i+i*iin(e )irh*(i\iled for maior, elec- 



bund trial enrolling 316 patients scheduled for major, elec: 
tive orthopedic hip or knee surgeiy who were expected to 
require 2:2 units of blood and who were not able or wiUmg , 
to participate ia an autologous blood donation program. 
Based on previous studies which demonsti-ated that pre- 
trcatment hemoglobin is a predictor of risk of receiving 
transfusion"-", patients were stratified into one of three 
eroups based on their pretreatment hemoglobin tslO (n=2), 
flO to £13 (n=S6). a^d >13 to Sl5 g/dL (n=218)J and then 
randomly assigned to receive 300 U/kg PROCRIT. 100 U/kg 
PROCRIT or placebo by subcutaneous injection for 10 days 
before surgery, on the day of surgery, and for four days after 
surgery". All patients received oral iron and a low dose 
postoperative warfarin regimcQ." , « 

IVeatm'ent with PROCRIT 300 U/kg stgmficantly (p=0.024) 
reduced the risk of allogeneic ti-ansfusion ^ Patients wth a 
pretreatment hemoglobin of >10 to ^13 ^dL; 5^ 16%) of 
PROCRIT 300 U/kg. 6/26 (23%) of PROCRIT 100 U/kg and 
13/29 (45%) of placebo-treated patients were transfused.' 
There was no significant difference in the number of 
patients transfused between PROCRIT (9% 300 U/kg, 
6% 100 U/kg) and placebo (13%) in the >13 to sl5 g/dL 
hemoglobin stratum. There were too few patients m Uie 
£10 g/dL group to determine if PROCRIT is useful in this 
hemoglobin strata. 

In the > 10 to s 13 g/dL pretreatment stratum, the mean 
number of units ti-amfased per PROCRITti-eated patiect 
(0 45 units blood for 300 U/kg. 0.42 units blood for 100 U/kg) 
was less than the mean transfused per placebo- treated 
patient (1.14 units) (overall p=0.028). In addition, mean 
hemoglobin, hematocrit and reticulocyte ^°'^^J^^Xl^^J^ 
significantly during the presurgery period in PRUCRIT- 
treated patients.^* ■ 
PROCRIT was also studied in an open-label, parallel-group 
trial enrolling 145 subjects with a pretreatment hemoglobm 
level of E 10 to £13 g'dL who were scheduled for major or- 
thopedic hip or knee surgery and who were not partidpat- 
ing in an autologous program.^' SubjecU were randomly as- 
signed to receive one of two subcutaneous dosing regimens 
of PROCFOT (600 U/kg once weekly for three weeks prior to 
surgery and on the day of surgery or 300 U/kg once daily for 
10 days prior to surgery, on the day of surgery and for four 
days after surgery). All subjects received oral iron and ap- 
propriate pharmacologic anticoagulation therapy. 
From preh^atment to presurgeiy. the mean increase in he- 
moglobin in 600 U/kg weekly group (1.44 g/dL) was greaUr 
than observed in the 300 U/kg daily group. The mean in- 
crease in absolute reticulocyte count was smaller in the 
weekly group (0.11 X lO'/mm') compared to the daUy group 
(0 17 X 10^/mm'). Mean hemoglobin levels were similar for 
the two treatment groups throughout the postsurgical 

T^ie^erythropoietic response observed in both treatment 
croups resulted in simUai transfusion rates [iy69 (16%) in 
Se 600 U/kg weekly group and 14^1 (20%) in the 300 U/kg 
daily group]." The mean number of units transfused per 
subject was approiimately 0.3 units in both treatment 
groups. 

CONTRAINDICATIONS 
PROCRIT is contraindicated i;i patiente with: 

1) UncontroUed hypertension. „ , ■ a 

2) Known hypersensitivity to manunahan cell-denved 
products. 

3) Known hypersensitivity to Albumin (Human). 
WARNINGS 

Pedia tric Us*: , . . , , , 

'The multidose preser%-ed formulation contains benz>'l alc<> 
hol. Benzyl alcohol has been reported to be associated with 

Inf ormitJon wiH b. .uper«d.d by .uppUmont* »nd .ubs.quent editions 



ar. increased incidence of neurological and other coaipii^ 
tions in premature infants which are sometimes fatal. "Tk' 
safety and effectiveness of Epoetin alfa m children have rn,' 
b«en established. 
Thrombotic Events and I ncreased Mortality 
A randomized, prospective trial of 1265 hemodialysis 
tients with clinically e\ident cardiac disease (ischemic hej^: 
disease or congestive heart faUure) was conducted in „iy^ 
patients were assigned to PROCRIT treatment targeUd to a 
maLatenance hematocrit of either 42 r 3% or 30 * 3^ 
Increased mortality was observed in 634 patients raaaoi.' 
iied to a target hematocrit of 42% [221 deaths (35% j^aftii 
itv)] compared to 631 patients targeted to remain at a 
m'atocrit of 30% 1185 deaths (29% mortality)). The it^^^ 
for increased mortality observed in these studies is ■ 
known, however the incidence of non -fatal my^anjjjj 
infarctions (3.1% vs. 2.3%). vascular access thrombosis (39^^ 
vs. 29%) and all other" throinbotic events (22% vs. jg^j 
were also higher in the group randomized to achieve a he- 
matocrit of 42%. . 
Increased mortality was observed in a.randonuzedplacebo- 
conhTilled study of PROCRIT in patients who did not have 
chronic renal failure who were undergoing coronary artery 
b>-pass surgery (7 deaths in 126 patients randomiied to 
PROCRIT vs. no deaths among 56 patients receiving place- 
bo). Four of these deaths occurred during the period of study 
drug administration and all 4 deaths were associated with 
thrombotic events. While the extent of the population af. 
fected is unknown, in patients at risk for thrombosis, tha 
anticipated benefits of PROCRIT treatment should be 
weighed against the potential for increased risks associated 
with therapy. 

Chronic Renal Failure Patients 

Hypertension: Patients witti uncontrolled hypertension 
should not be treated with PROCRIT, blood pressure should 
be controlled adequately before injtiatiorr of therapy. Up to 
80% of patients with CRF have a history of hypertension." 
Although there does not appear to be any direct pressor ef- 
fects of PROCRIT, blood pressure may rise during 
PROCRIT therapy. During the early phase of treatment 
when the hematocrit is increasing, approximately 25% of 
patients on dialysis may require initiation of, or increases 
in, antihypertensive therapy. Hypertensive encephalopathy 
and seizures have been observed in patients with CRF 
treated with PROCRIT. 

Special care should be taken to closely momtor and aggres- 
rivelv contr ol blood pressure in patient s treated with 
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PROCRIT. iPatieats should be advised as to tiie importance 
of compliance with antihypertensive therapy and dietary re- 
stiictions. If blood pressure is diflScult to control by initia- 
tion of appropriate measures, the hematocrit may be re- 
duced by decreasing or withholding the dose of PROCRIT. A 
clinically significant decrease in hematocrit may not be ob- 
served for several weeks. , . j 
It is recommended that the dose of PROCR IT be decreased 
if the he matocrit increase exceeds 4 po mts in anv two-week 
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period because of the possible association of excessive rate 
Sfri^ of hematocrit with an exacerbation ol hyp'irtensioa. 
In chronic renal failure patients on hemodialysis with clin- 
ically evident ischemic heart disease or congestive heart 
faiJure, the hematocrit should he managed carefiiUy, not to 
exceed 36%. (see Thrombotic EvenU") 
Seizures: Seizures have occurred in patients with 
participating in PROCRIT clinical trials. 
Ip patients on dialysis, there was a liigher inadence of sw- 
zures during the first 90 days of therapy (occurring in ap- 
proximately 2.5% of patients) as compared with Jawr 

StrS^potenUal for an increased risk of seizures during 
the first 90 days of therapy, blood pressure and the P«se°« 
of premonitory neurologic symptoms .should be mo^Jffr 
closely. Patients should be cautioned to avoid potentially 
hazardous activities such as driving or operatmg heavy 
chinery during this period. , . 

While the relationship between seizures arid rate o: iw 
of hematocrit is uncertain, it is ^ecoc^ne "'^>rt that me 
of PROCRIT be decreased if the hcmat^^t. increase excew 



4 points in an v two-week period. „„tieiiU 
Thrombotic Events: During hemodialysis, P^**"" 
treaUd with PROCRIT may require increased 
tion with heparin to prevent clotting of the artificial kidney. 

-aSvERSE REACTIONS" for more information about 
thrombotic events.) 

Other thrombotic events (e.g., myocardial infarction, cer 
brovascular accident, transient ischemic a*^^':*/,^*^!^-^ 
curred in clinical trials at an annuahzed rate of J«ss_ui 
0.04 events per patient-year of PROCRIT therapy. The^^ 
trials were conducted in patients with CRF t^ii^ther on oi 
alysis or not) in whom the target hematocrit was 3-=-* ' 
However, the risk of thrombotic events, including vascuJ 
access thromboses, was significantly increased m P^^^ 
with ischemic heart disease or congestive heart failure^ 
ceiving PROCRIT therapy with the goal of reaching a 00 
mal hematocrit (42%) as compared to a target hematocn* 
30%. Patients with pre-existing cardiovascular diseas 
should be monitored closely. ' 

Zidovudine-treated HIV-infected Patients • 

la contrast to CRF patients. PROCKlT therapy has no^ 

been linked to exacerbation of h>-perten5ion. seizures, an 

thrombotic events in HrV'-infected patients. 

PRECAUTIONS 

The parenteral administration of any biologic product 
should be attended by appropriate precautions m case alier- 



other untoward reactions occur (see "CONTR-^ii. ul- 
^TlONS')- In clinical trials, while transient rashes were 
L^onally observed concurrently with PROCRIT therapy, 
Various allergic or atnaphylactic reactions were reported. 
^ -ADVERSE REACTIONS" for more inforisati.on regard- 
^tliergic reactions. 

rte safety and efficacy of PROCRIT therapy have not been 
' (jjjlished-in'.patierits with ii known history of a seizure 
i^tder er underlying hematologic disease (e.g., sickle cell 
joefflia. myelodysplastic syndromes", or hypercoagulable 
aj5ord«rs). . ■■- - ■ . - 

tn sane female patients, menses have resumed following 
ppOCKfT therapy; the possibility of pregnancy should be 
^j^jj^ed and the need for contraception evaluated., 
Uftntiaiogy: Exacerbation of porphyria has been obsen'ed 
Jjrely patients with CRF treated with PROCRIT. Hcw- 
tvti. PROCRIT has not caused increased urinary citcretion 
ofporp^'J™ metabolites in normal volunteers, even in the 
„^eace of a rapid erythropoietic response. Nevertheless, 
PBOCRTT should be uis'ed -with caution in patients with 
tiownporpbyria. 

[a precUnical studies in dogs and rats, but not in monkeys, 
PBOCRIT therapy was associated with. subclinical boie 
to arroir .fibrosis. Bone marrow fibrosis is a known complica* 
tion of CRF in humans and may be related to secondary hy- 
perparathyroidisrn or unknown factors. The incidence of 
bone marrow fibrosis was not increased in a study of pa- 
tients on dialysis who were treated with PROCRIT for 12-19 
oofltbs, compared to the incidence of bone marrow fibrorLs 
in a natched group of patients who had not been treated 
with I'ROCRIT. 

Hematocrit in CRF patients should be measured twice a 
week; ddovudine-treated HIV-infected and cancer patients 
thould have hematocrit meztsured once a week until hemat- 
ocrit has been stabilized, and measured periodically therfr- 
«fter. 

Delayed or Diminished Response: If the patient fails to fe- 
ipoad fit to maintain a response to doses within the recom- 
mended dosing range, the following etiologies should be cos.- 
sidered and evaluated: 
1) Iron deficiency: l^ually all patients will eventually 
require supplemental iron therapy, (See "Iron 
EvaJuation'O. . - 
2} Underlying infectious, inflammatory, or malignant 
.. processes. : 

3) Occult blood loss. 

4) Underlying hematologic diseases (i.e., thalassemia, re- 
fractory anemia, orottier myelodysplastic disorders). 

5) Vitamin deficiencies: folic add or vitamin B12. 

6) Hemolysis.' 

7} Aluminum intoucation. 

8) Osteitis fibrosa cystica. 
Iron. Evaluation: During PROCRIT therapy, absolute or 
fiinctional iron deficiency may develop. Functional iron de- 
fideacy,'with normal ferritin leveU but low transferrin sat- 
uration, is presumably due to the inability to mobilize iron 
stores rapidly enough to support increased erythxopoiesis. 
Transferrin. saturation should be at least 20% and ferritin 
itrould be at least 100 ng/mL. 

Prior to aind during PROCRIT therapy, the patient's iron 
status, including transferrin saturation (scrum iron, divided 
by iron binding capacity) and serum ferritin, should be eval- 
uated. Virtually .all patients will eventually require supple- 
mental iron to increase or maintain transferrin saturation 
to levels. which will adequately support erythrDpoiesis stic- 
dated by PROCRIT. All surgery patients being treated with 
PROCRIT should receive adequate iron supplementatica 
throu^out the course of Jtherapy in order to support er>th- 
ropoiesis and avoid depletion of iron stores. 
Drug Interactions: No evidence of interaction of PROCRIT 
»rttli other drugs was obs.erved in the course of clinical 
trials. ■ ^ 

Cirdnt^genesls, Mutagenesis,, and Impairment of Fertility: 
Carcinogenic potential of PROCRIT has not been evaluated. 
PROCRIT does not induce bacteria! gene mutation (Ames 
Test), chromosomal aberrations in mammalian cells, micro- 
nuclei in mice, or gene inutation at the HGPRT locus. In 
waale rats treated intravenously with PROCRIT, there was 
• trtnd Cor slightly increased fetal wastage at doses of 100- 
ladSOOUnit^. 

^•linaney Category C: PROCRIT has been shown to have 
jjwerse effects in rats when given in doses five times the 
iiQaUa dose, there are no adequate and well -controlled 
ftudiea in pregnant women. PROCRIT should l« used dur-' 
■^S pregnancy only if potential benefit justifies the potential 
|wkto£Ke.fetua. 

«> studies in female rats, there, were decreases in body 
•eight gain', delaysi in appearance of abdominal hair, de- 
«7ed eyelid opening, delayed ossification, and decreases in 
we amaber of caud.al vertebrjao in the Fl fetuses of the 500 
uni£s/fcg group. In female rats treated intravenously, there 
* trend for slightly increased fetal wastage at doses of 
and 500 Units/Tig. PROCRIT has not shown any adverse 
Jfc!? °* doses as high as 500 Units/kg in pregnant rabbits 
«rpni day 6 to 18 of gesUtion). 

"""»ing Mothers: Postnatal observations of the live off- 
p^'J^CFl generation) of female rats treated with 
ara!9^'^ during gestation and lactation revealed no effect 
r^OCRIT at doses of up to 500 Units/kg. There were, 
7*ever, decreases In body weight gain, delays in appear- 
**ee of abdominal hatr, eyelid opening, and decreases in the 
??"*ber of caudal vertebrae in the Fl fetuses of the §00 
Uttits/Vg group. There were no effects related to PROCRIT 
tlie F2 generation fetuses. 



It is not known whether PROCRIT is excreted Li human 
milk. Because many drugs are excreted in human milk, cau- 
tion should be exercised when PROCRIT is administered to. 
a nursing woman. 

Pediatric Use: The safety and effectiveness of PROCRIT in 
children have not been established (Ste "WARNINGS"), 
Chronic Renal Failure Patients 

Patients with CRF Not Requiring Dialysis:Blood pressure 
and hematocrit should be monitored no less frequently than 
for patients maintained on dialysis. Renal function.and fluid 
and. electrolyte balance should be closely monitored, as. an 
improved sense of well-being may obsciire the need to initi- 
ate dialysis in some patients, ' . : ' 
Hematology: . SufScient time should be allowed to deter- 
mine a.patient's responsiveness to a dosage of PROCRIT be- 
fore adjusting the dose. Because of the time required for 
erythropoiesis and the red cell half-life,, an interval of 2-6 
weeks may occur between the time of a dose ac^ustmenf 
(initiation, increase, decrease, or discontinuation) and a sig- 
nificant change in hematocrit. 

In. order to avoid reaching the suggested target Jiematocrit 
too rapidly, or.exceeding tiie suggested target range (hemat- 
ocrit of 30-369&), the guidelines for dose and frequency .of ■ 
dose adjustments (see "DOSAGE AND ADMINISTRA- 
TIONS should be followed. 

For patients who respond to PROCRIT with a. rapid in- 
crease in" hematocrit (e.g., more than 4 points. in any two-- 
week period), the dose of PROCRIT should be reduced be- 
cause of the possible association of excessive rate of rise of 
hematocrit with an exacerbation of hypertension. 
The elevated bleeding time characteristic of CRF decreases , 
toward normal after correction of anemia in patients 
treated with PROCRIT, Reduction of bleeding time also oc- 
curs after correction of anemia by transfusion.' 
Laboratory Monitoring: The hematocrit should be deter- 
mined twice a week until it has stabilized in the suggested 
target range and the maintenance dose has been estab- 
lished; After any dose adjustment, the hematocrit should 
also be determined twice weekly for at least 2-6 weeks until 
it has been determined that the hematocrit has stabiliied in 
response to the dose change. The hematocrit should then be 
monitored at regular intervals. 

A complete blood count with differential and platelet courit 
should be performed regularly. During clinical trials, mod- 
est increases were seen ia platelets and white blood cell 
counts. "While these changes were statistically significant, 
they were not clinically significant and the values remained 
within normal ranges. 

In patients with CRF, serum chemistry values tincluding 
blood urea nitrogen (BUN), uric acid, creatinine, phospho- 
rus, and potassium] should be monitored regularly. During 
clinical trials in patients on dialysis, modest increases were 
seen in BUN, creatinine, phosphorus, and potassium. In 
some patients with CRF not on dialysis, treated with 
PROCRIT, modest increases in serum uric acid and phos- 
phorus were observed. TiVhile changes were statistically sig- 
nificant, the values remained within the ranges normally 
seen in patients with CRF. . . ' . 
Diet: As the hematocrit increases and patients experience 
an improved sense of well-being and quality of life, the im- 
portance of compliance with dietary and dialysis prescrip- 
tions should be reinforced. In* particular, hyperkalemia is 
not uncommon in patients with CRF. In U.S. studies in pa- 
tients on dialysis, hyperkalemia has occurred at an annual- 
ized rate of approximately 0. II episodes per patient-year of 
PROCRIT therapy, often in association with poof compli- 
ance to medication, diet and/or dialysis. 
Dialysis Management: Therapy with PROCRIT results in 
an increase in hematocrit and a decrease in plasma-Volume 
which could affect dialysis efficiency. In studies to date, the 
resulting increase in hematocrit did not appear to adversely 
affect 'dialyier function'*^" or the efficiency of high flux he- 
modialysis.^^ During hemodialysis, patients treated with 
PRC^CRIT may require increaseif anticoagulation with hep- 
arin to prevent clotting of the artificial kidney. 
Patients who are marginally dialyzed may req\ure adjust- 
ments in their dialysis prescription. As with all patients on 
dialysis, the serum chemistry values (including BUN, cre- 
atinine, phosphorus, and potassium) in patients treated 
with PR()CRIT should be monitored regularly to. assure the 
adequacy of the dialysis prescription. 

Information for Patients: In those situations in which the 
physician determines that a home dialysis patient can 
safely and effectively self-administer PROCRIT, the patient 
should be instructed as to the proper dosage and adminis- 
tration. Home dialysis patients shoidd be referred to the full 
"INFORMATION FOR HOME DIALYSIS PATIENTS" sec- 
tion attached; it is not a disclosure of all possible effects. 
Patients should he informed of the signs and sjrmptoms of 
allergic drug reaction and advised of appropriate actions. If 
home use. is prescribed for a home dialysis patient, the pa- 
tient should be thoroughly instructed in the importance of 
proper disposal and cautioned against the reuse of needles, 
syringes, or drug product. A puncture-resistant container 
for the disposal of used syringes and needles should be 
available to the patient. The full container should be dis- 
posed of according to the directions provided by the 
physician.- - . . - - 

Renal Function; In patients with CRF not on dialysis, re- 
nal function and fiuid and electrolyte balance should be 
closely monitored, as an improved sense of well-being may 
obscure the need to initiate dialysis in some patients. In pa- 
tients with CRF not on dialysis, placebo-controlled studies 
of progression of renal dysfunction over periods of greater 
than one year have not been completed. In shorter-term tri- 



als in patie-*-s CRF not on dialysis, changes in creatj. 
cine and creatinine c;earance were not significantly differ 
er.t in paiier.ts treated with PROCRIT. compared with 
placebo- treated patients. Analysis of the slope of l/serum 
creatinine vs. ti:r.e plats ir. these patients indicates no sig. 
nificant change in tr.t slope after the initiation of PROCRIT 
therapy, 

Zidovudine-treated HIV-infected Patients 
Hypertension; Exacerbation of hypertension has not been 
observed in zido%-jiiae-treated HIV-infected patients' 
treated PROCRIT. However, PROCRIT should be with- 
held in these patien-j if pre-existing hypertension is uncoa- 
trdlled, and should rot be started until blood pressura is' 
controlled. In double-biind studies, a single seizure has been 
experienced fay a patient treated with PROCRIT." ' 
Cancer Patients on Chemotherapy 

Hypertension; Kj-p-enension, associated with a 'significant 
increase in hemawcri:, has been ilo ted rarely in cancer pa- 
.tients treated with PROCRIT,^Nyvertheless. blood pressure 
in patients treated with PRO (iRIT should be monitored 
carefully, particularly in patients with an underlying his- 
tory of hj-penensior: cr cardiovascular disease. 
Seizures; . In double-blind, placebo-controlled trials, 3,25t 
(Ns2/63) of patients treated with PROCRIT and 2,9% 
(N=2/6S) of placebo-treated patients had seizures. Seizixres 
in 1.69fc (N=y63) of patients treated .with- PROCRIT oc- 
curred in the context of a significant increase in blood pres- 
siire and hematocrit firom baseline Values. However,' both 
patients treated -with PROCRIT also had underlying CNS 
pathology which may have been related to seizure' activity. 
Thrombotic Events: In doiible-blind, placebo-controlled 
trials, 3,2% CN=2'63) of patients treated with PROCRIT and 
11.8% CN=8/6S) of placebo-treated patients iad thrombotic, 
events {e.g. pulmonary embolism, cerebrovascular, 
accident). ... , ' 

Growth Factor Potential: PROCRIT is a gfowiih factor that 
primarily stimulates red cell production. However, the pos- 
sibility that PROCRIT can act as a; growth Cactor for any 
tumor type, particularly myeloid ^malignancies, cannot be 
excluded. . . , . 

Surgery Patiants - ... 

Thrdmbottc/Vascular Events: In perioperative clinical tri-" 
als with orthopedic patients, the overall incidence of throm- 
boticArascular events was similar in Epoetin alfa and 
placebo-treated patients Who had a pretreatment hemoglo- 
bin of >10 to £13 g'dL. In patients with 'a hemoglobin of 
>13 gfdL treated with 300 U/kg of Epoetin alfa, the possi- 
bility that PROCRIT treatment may be' associated with .an 
increased risk of pcstoperative thrombotic/vascular, events 
cannot be excluded.'*:"'?* ' ' . 

In oqe study in which Epoetin alfa was adminiateried in the 
perioperative period t*i,patient3 undergoing coronary artery 
bypass graft surgery, there were seven deaths in the 
Epoetin alfa-treated groups (N=126) and no deaths in the 
placebo- treated group [N=56), Among the seven deaths ia 
the Epoetin alfa-treated patients, four were at the time of 
therapy (between study day 2 and 8). The four deaths at the 
time of therapy O'rc) were associated with thrombotic/vas- 
cular events. A causative role of Epoetin alfa cannot be ex- 
cluded. (See -WARNINGS-) 

Hypertension: Blood pressure may rise in the periopera- 
tive period in patients being treated with PROCRIT. There- 
fore, blood pressure should be monitored carefiilly. 

ADVERSE REACrriO-NS 
Chronic Renal Failure Patients 



Studies analyzed to date indicate that PROCRIT is gener- 


ally well-tolerated. The adverse events reported are fre- 


qyent sequelae of CRF and are not necessarily , attributable 


to PROCRIT therapy. 


In double-blind, placebo-controlled 


studies invoh-ing over 300 patients with CRF. the events re- 


ported in greater thun 5% of patients 


treated with 


PROCRIT during the blinded phase were: 




. PERCErrr of patients reporting event 




Patients 


PLACEBO- 




Treated with 


Treated 




epoetin alfa 


Patients - 


Event. 


tN=200) 


(Na13S) 


Hypertension 


24% 


19% 


Heads) che 


16% 


12% 


Arthralgias 


11% 


6%. . 


Nausea 


11% 


9% 


Edema 


9% 


10% . 


Fatigue 


9% 


14% 


Diarrhea 


9% 


6% 


Vomiting 


S% 


5% 


Chest Pain " 


1% 


9% 


Skin Reaction 


7?c 


12% 


(Administration Si^) 






Asthenia 


7% 


12% 


Dizziness 


7% ■ 


13% 


Clotted Access 


7% 


2% 



Significant adverse eveaU of concern in patients with CRF 
treated ia double-blinded, placebo-controlled trials occurred 
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Procrit — Cont. 

in the following percent of patients during thi blinded 
phase of the studies: 



Seizure 

CVA/TIA 

MI 

Death 



1.1% 

0.4% 
0 



0.67c. 



In the U.S. PROCRIT. studies in patients oz diaJTS-s (over 
567 patients), the incidence (number of events per padent- 
year) of the'most frequently reported adverse events were; 
hypertension (0.75), headache (0.40), tachycardia (0,31), 
nauseaAromiting (0.26), clotted vascular access (0.25). short- 
ness of breath (0.14), hyperkalemia (0.11), aad diarrhea 
(O.Il). Other reported eventa occurred at a rate of less than 
0.10 events per patient per year. 

■ Events reported to have occurred within several hours of 
aiiministration of PROCRIT were rare, mild, and transient, 
and included iiyectipn site stinging in dialysis padents and 
flu-like symptoms such as arthralgias and myalgias. 
In all studies analyzed to date, PROCRIT ad.-niaistration 
was generally weU-tolerated, irrespective of the route of 
administration. ' - - 

Hypertension: ' Increases in blood pressure have been re- 
ported in dinical trials, often during the first 90 days of 
therapy. On occasion, hypertensive encephalopathy and sei- 
zures have been observed in patients with CRT treated with 
PROCRIT. When data from all patients in the V.S. Phase 
m multicenter trial were analyzed, there was an apparent 
trend of more reports of hypertensive adverse events in ja- 
tients ,on dialysis with a iaster rate of rise of hematocrit 
(greater than 4 hematocrit points in any tw>week period). 
However, in a double-blind, placebo-controlled trial, hj-per- 
tensive adverse events were not reported at an increased 
rate in the group treated with PROCRIT (150 Vaits/kg 
T.I.W.) relative to the placebo group. ' 
Seizures: There have been 47 seiiures in I.OlO patients on 
dialysis treated with PROCRIT in clinical trials, with an ex- 
posure of 986 patient-years for a rate of apprcximately 
0.048 events per patient-year. However, there appeared to' 
be a higher rate of seizures during the first 90 days of ther- 
apy (occurring in approximately- 2.5% of patients) when 
compared to subsequent 50-day periods. The baseline inci- 
dence of seizures in the untreated dialysis population is dif- 
ficult to determine; it appears to be in the ra.ige of 5-10% 
per patient-year.""" 

Thrombotic Events: In clinical trials where the mainte- 
nance hematocrit was 35 t 3% on PROCRIT. clotting of the 
vascular access (A-V shunt) has occurred at ai ai^iiualized 
rate of about 0.25 events per patient-year, and other throm- 
botic events (myocardial infarction, cerebrovascular acci- 
dent, transient ischemic attack, and pulmonary er;i>Oiism) 
occurred at a rate of 0.04 events per patient-year. In a sep- 
arate study of 1,111 Aintreated dialysis padenis, dotting of 
the vascular access occurred at a rate of 0.5 -eve;:ts per 
patient-year. However, in chronic renal failure patients on 
hemodialysis who alstf had clinically evident ischeniic heart 
disease or congestive heart failure, the risk cf A-V shunt 
thrombosis was higher (39% vs 29%, p<0.00i), a:id myocar- 
dial infarction, vascular ischemic events, and vencus throm- 
bosis were increased in patients targeted to a heniatocrit of 
42 ± 3% compared to those maintained at 30 z 3?c. (see 
■TVARNDIGS-) 

In patients treated with commercial PROCRIT, there have 
been rare reports of serious or unusual thronibo-embolic 
events including migratory thrombophlebitis, microvascu- 
lar thrombosis, pulmonary embolus, and thro=ibcsis of the 
retinal artery, and temporal and renal veins. A causal rela- 
tionship has not Been established 



Allergic Reactions: There have been no reports cf serious 
allergic reactions or anaphylaxis associated with PROCRIT 
administration during clinical trials. Skin rashes and urti- 
caria have been observed rarely and when reported have 
generally been mild and transient in nature. 
In over 125,000 patients treated with commercial 
PROCRIT, there have been rare reports .of potentially seri- 
ous allergic reactions including urticaria with associated 
respiratory symptoms or circumoral edema (<0.0001 events 
per patient-year), or urticaria alone (<0.0001 events per 
patient-year). Most reactions occurred in situations where a 
casual relationship could not be established. Many of these 
patients resumed PROCRIT therapy without recurrence of 
symptoms, some in conjunction with antihistamine pre- 
treattaent. However, symptoms recurred with rechallenge 
in a few instances, suggesting that allergic reactivity, al- 
though rare, may occasionally be associated with PROCRIT 
therapy. 

There has been tio evidence for development of antibodies to 
erythropoietin in patients tested to date, including those re-' 
ceiving PROCRIT for over 4 years. Nevertheless, if an ana- 
phylactoid reaction occurs, PROCRIT should be immedi- 
ately discontinued and appropriate therapy initiated. 
ZidovudTne-treated HIV-infected Patients - 
Adverse events reported in clinical trials with PROCRIT in ' 
zidovudine-treated HIV-infected patients were consistent 
with the progression of HTV infection. In double-blind, 
placebo<ontrolled studies of three-months duration involv- 
ing approximately 300 zidovudine-treated HTV-infected pa- 
tients, adverse events with an incidence of 10% in either 
patients treated with PROCRIT or placebo-treated patients 
were: 

Percent of Patients Reporting Event 



Event 

Pyrexia - 
Fatigue ' 

Headache . . ' 

Cough 

Diarrhea 

Rash 

Congestion, 

Respiratory 
Nausea 

Shortness of Breath • 
Asthenia ■ 
Skin Reaction, 

(Administration Site) 
Dizziness 



There were no statistically significant differences between 
treatment groups in the incidence of the above events. 
In the 297 patients studied, PROCRIT, was not associated 
with significant increases in opportunistic infections or mor- 
tality. In 71 patients from this group treated with 
PROCRIT at 150 Units/kg (TI.W.), serum p24 antigen levels 
did not appear to increase.*^ Preliminary data showed no 
enhancement of HIV replication in infected cell lines 
m vitro," 

Peripheral white blood cell and platelet counts are un- 
changed following PROCRIT therapy. 
Allergic Reactions: Two zidovudine-treated HIV-infected 
patients had urticarial reactions within 48 hours of their 
first exposure to study medication. One patient was treated 
with. PROCRIT and one was treated with placebo 
(PROCRIT vehicle alone). Both patients had positive imme- 
diate skin tests against their study medication with a ceg- 



Patients 


PLACEBO- 


Treated whh 


-Treated 


PROCRTT 


Patients 


(N=144) 


iN=1531 


38% 


29% 


25% 


31% 


19% 


14% 


18% 


14% . 


16% 


18% 


16% 


8% 


■ . 15% 


10% 


15% 


12% 


14% 


. 13% 


11% 


14% 


10% 


7%. 


9% 


10% 



Percent of Patients Reporting Event 





Patients 


Patients 










Treated with 


Treated with 


PLACEBO- 








PROCRIT 


PROCRIT 


Treated 


PROCRIT 


PROCRIT 




300 U/kg 
(N=1121* 


100 U/kg 


Patients 


600 U/kg . 


300 UAg 


Event 


(N=101|» 


{N=1p3)' 


(N=73)'' 


(N=72)^ 


Pyrexia 


51% 


60% 


60% 


47% 


42% 


Nausea • 


48% 


43% 


45% 


45% 


58% 


Constipation 


43% 


42% 


43% 


51% 


53% 


Skin Reaction, 


25% 


19% 


22% 


26% ■ 


29% 


(Administration Site) 












Vomiting 


22% 


12% 


14% 


21% 


29% 


Skin Pain 


18% 


18% 


17% 


5% 


4% 


Pruritus * 


16% 


• 16% 


14% 


14% 


22% 


Insomnia 


13% 


16% 


13% 


21% 


■ 16% 


Headache 


13% 


11% 


9% 


10% 


19% 


Dizziness 


12% 


9% 


12% 


11% 


21% 


Urinary TVact Infection 


12% 


3% 


11% 


11% 


8% 


Hypertension 


10% 


■ 11% - 


10% 


5% ■ 


10% 


Diarrhea 


10% 


7% 


12% 


10% 


6% 


Deep 


10% 


3% 


5% 


0%' 


0%' ■ . 


Venous 












Thrombosis 












Dyspepsia 


9% 


11% 


6% 


7% 


8% 


Anxiety 


7% 


2% 


11% 


11% 


4% 


Edema 


6% 


11% 


8% ■ 


11% 


7% 



* Study including patients undergoing orthopedic rurgery treated with PROCRIT or placebo for 15 days ■ 

^ Study including patients undergoing orthopedi: s-irgery treated with PROCRIT 600 U/kg weekly x 4 or 300 U/kg 
daily X 15 

* Determined by clinical sjTnptoms 



atr- e saline control. The basis for this apparent pre-exists 
h>-e7S<cisitivity to components of the PROCRIT fonnd ' 
tion is "inknown, but may be related to HTV-induced un^,*' 
nos'-ppression or prior expos\ire to blood products. 
Seizures: In double-blind and open-label triaU 
PROCRIT ic zidovudine-treated HIV-infected patients J 
parents have experienced seizures.*^ In general, these j " 
lures appear to be related to miderlying pathology such*'' 
meningitis or cerebral neoplasms, not PROCRIT therapv** 
Cancer Patients on Chemotherapy 

Adverse experiences reported in clinical trials uritv 



s of up to 3-montns durauon uivoivmg lai cancer pi 
tien'j, adverse events with an incidence >10% in either pa 
tienis treated with PROCRIT or pi ace bo -treated patients 
were as indicated below. 

Percent of Patients Reporting Event 





Patients 


PLACEBO- 




Treated with 


Treated 




PROCRrr 


Patients 


Event -. 


(N=63) 


(N=681 


Pyrexia 


' 29% 


19% 


Dia--rhea 


21%'. 


7% 


Nausea . 


17%'' 


32% 


Vcxiting 


17% 


15% 


Ece=ia 


17%' 


1% 


Asthenia 


13% 


ie% 


Fatigue 


13% 


15%' 


Shortness 


13% 


9% 


c: Breath 






Paresthesia 


11% 


6% 


Upper Respiratory 


11% 


4% 


Ir^ection 






Dizziness 


5% 


. 12% 


Trjri Pain 


3%* 


16% 


• F = 0.041 


' p = 0.0016 




* p = 0.069 


^ p =r 0.017 





Although some statistically significant differences between 
parents treated with PROCRIT and placebo-treated pa- 
tients were noted, the overaU safety profile of 
PROCRIT appeared to be consistent with the disease pro- 
ce*3 of advanced cancer. During double-blind and subse- 
quent open-label therapy in which patients (N=72 for .total 
eipcroxe to PROCRIT) were treated for up to,32 -weeks with 
dcses as high as 927 Units/kg, the adverse experience pro- 
file cf PROCRIT was consistent with the progression 
of advanced cancer. 

Bisec cn comparable survival data and on the percentage of 
patier.ts treated with PROCRIT and placebo-treated pa- 
t:ei.'-s who discontinued therapy due to death,- disease pro- 
gression or adverse experiences (22% and 13%, respectively; 
p = 0.25), the clinical outcome in patients treated with 
PROCRIT and placebo-treated patiente appeared to be sim- 
ilar. Available data from animal tumor models and measure- 
tcezt cf proliferation of solid tumor cells from clinical biopsy 
speci=ens in response to PROCRIT suggest that PROCRIT 
does not potentiate tumor growth. Nevertheless, as a 
gro-a-i factor, the possibility that PROCRIT may potentiate 
growih of some tumors, particularly myeloid tumors, cannot 
be excluded. A randomized controlled Phase IV study is cur- 
rentiy ongoing to further evaluate this issue. 
The Lean peripheral white blood cell count was unchanged 
foUcwing PROCRIT therapy compared to the corresponding 
value in the placebo-treated group. 
Surgery Patients ■ . 

Ai\-er3e events with an incidence of ^ 10% are shown in the 
following table: 
[See table below] 

Thrombotic/vascular events: In three double-bhcd, 
pUeebo-controlled orthopedic surgery studies, the ?^ 
dee? venous thrombosis (DVT) was similar among Epoetin 
alfa and placebo-treated patients in the recommended pop- 
ulaticn of patients with a pretreatment hemoglobin of >10 
to S13 gi-dL. However, in 2 of 3 orthopedic surgwy 
studies the overall rate (all pretreatment hemoglobin 
groups combined) of DVTs detected by postoperative ultia- 
scncgraphy and/or surveillance venography was 
the Epoetin alfa-treated group than in the placebo-toeatea 
group (11% vs. 6%). This finding was attributable to the du- 
ference in DVT rates observed in the subgroup of patienW 
wiiL pretreatment hemoglobin >13 gfdL. However, the ina- 
dence of DVTo was within the range of that reported in tae 
literature for orthopedic surgery patients. 
In the orthopedic surgery study of patients with P"^^ 
cent hemoglobin' of > 10 to s 13 g/dL Which compared 
dcsing regimens (600 U/kg weekly X 4 and 300 UAg daily ^ 
15), four subjects in the 600 U/kg weekly PROCRIT grt«P 
(Sre) and no subjects in the 300 U/kg daily grouy^had a 
thrc=liotic vascular event during the study period. 
In a study examining the use of Epoetin alfa in 182 P^^^ f 
sched-jled for coronai^ arteiy bypass graft surgery. 23*^ 
patients treated with Epoetin alfa and 29% treated wiw 
placebo experienced thrombotic/vascular events. There wer 
4 dea'is among the Epoetin alfa-treated patients that were 
associated with a thrombotic/vascular event. A causaO" 
rcle cf Epoetin alfa cannot be excluded. (See -WARNINGS ) 

0\-ERDOSAGE 

The oajdmum amount of PROCRIT that can be safely »»' 
mistered in single or multiple doses has not been deter- 
mined. Doses of up to 1,500 Units/kg (T.I.W.) for three W 
foiir weeks have been administered vrithout any direct toD' 
e5erts of PROCRIT itself." Therapy with PROCRIT can re- 
sult in polycythemia if the hematocrit is not carefUlly jboo- 
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^ sod the dose appropria:ely adjusted. If the suggested 
*^ range is exceeded, PROCRIT may be temporarily 
*Jj;eld unril the hematocrit returns to the suggested tar- 
jraOg^; PROCRIT therapy nay then be resumed using a 
^ dose (see "DOSAGE AXD ADMINISTRATION"). If 
i^Vytbemia is of concern, phlebotomy may be indicated to 
j^^jise thft hematocrit. 

AND ADMINISTRATION 
Renal Failure Patients 

gjjSHg doses of fHOOrIT over the range of 50-100 
^jjj^g three times weekly (T.I.W.) have been shown to be 
Vf, and effective iri incxeasbg hematocrit and eliminating 
^-jfu5ion dependency in patients with CRF (see "Clinical 
L«[rience"). The dose of PROCRIT should be reduced as 
^benatocrit approaches 36% or increases by more than 4 
: ^ts ic aoy 2-week period. The dosage of PROCRIT must 
fT^dividualized to maintalo the hematocrit within the 
^fgested target range. At the physician's discretion, the 
^.rgested target hematocrit range may be expanded to 
^eve maximal patient benefit. 

PROCRIT may be given either as an intravenous (TV) or 
fobntaneoiis (SO iivection. In patients on hemodialysis, 
PBOCRIT usually has been administered as an IV bolus 
ffX^'-i- administration of PROCRIT is indepen- 

^jQtof the dialysis procedure, PROCRIT may be adminis- 
urti into the venous line at the end of the dialysis proce- 
juie to oh\-iate the need for additional venous access. In pa- 
(ieatj with CRF not on dial>-sis, PROCRIT may be given 
gtber as ftn IV or SC iiyection. 

Home hemodialysis patients who have been judged compe- 
Unt by their physicians to self-administer PROCRIT with- 
oat medical or oUier superv-isioa may give themselves either 
IV or SC iiyectioa. The table below provides general 
therapeutic guidelines for patients-with CRF: 
pea table above] 

During therapy, hematological parameters should be moni- 
tartd regularly (see "Laboratory Monitoring'). 
pr»-Therapy Iron Evaluation: Prior to and during 
PKOCRTT therapy, the patient's iron stores, including 
transferrin saturation (serum iron divided by iron binding 
capacity] and senim ferritin, should be evaluated. TVansfer- 
nn saturation shotild be at least 20%, and ferritin shoiild be 
i: least 100 ngtaiL. Virtually all patients will eventually re- 
quire supplemental iron to increase or maintain transfemn 
iituration to levels that will adequately support eiythropoi- 
ais stimulated by PROCRIT. 

Dost Adjustment: Following PROCRIT therapy, a period 
of time is required for er^throid progenitors to mature and 
be released into circulation resulting in an eventual in- 
crease in hematocrit Additionally, red blood cell survival 
tijce affects hematocrit and may vary due to uremia. As a 
result, the time reqmred to elicit a clinically significant 
change in hematocrit (increase or decrease) follo'wing any 
dose adljustment may be 2-6 weeks. 

Dose adjustment should not be made more frequently than 
cuce a month, unless cUaically indicated. After any dose ad- 
justment, the hematocrit should be determined twice 
weekly for at least 2-6 weeks (see "Laboratory Monitoring^). 

• If the hematocrit is increasing and approaching 36%, the 
dose should be reduced to maintain the suggested target 
bematoml range. If the reduced dose does not stop the 
rise in hematocrit, and it exceeds 36%, doses should be 
temporarily withheld until the hematocrit begins to de- 
crease, at which point therapy should be reinitiated at a 
lower dose. 

• At any tiaie, if the hematocrit increases by more than 4 
points in a 2-week period, ihe dose should be immediately 
decreased. After the dose reduction, the hematocrit should 
be monitored twice weekly for 2-6 weeks, and further dose 
ai^ustments should be made as outlined in "Maintenance 
Dose'. 

• If a hematocrit increase of 5-6 points is hot achieved 
after an S-week period and iron stores are adequate (see 
Delayed or Diiiinished Response"), ^ the dose of 
PROCRIT may be incrementally increased. Further in- 
creases may be made at 4-6 week intervals until the de- 
aired response is attained. 

Maintenance Dos«: The maintenance dose must be indi- - 
viduialized for each patient on dialysis. In the U.S. Phase III 
aulticenter trial in patients on hemodialysis, the median 
maintenance dose was 75 L'nits/kg (T.I.W.), with' a range 
12.5 to 525 Ucit&'kg (T.I.W.). Almost 10% of the pa- 
rents required a dose of 25 Units/kg, or less, and approxi- 
mately 10% of the patients required more than 200 Units/kg 
(TI.W.) to maintain their hematocrit in the suggested 
'"get range. 

If the hematocrit remains below, or falls below, the sug- 
gested target range, iron stores should be re-evaluated. If 
the transferrin saturation is less than 20%. supplemental 
t-*9a should be administered. If the transferrin saturation is 
reater than 20%, the dose of PROCRIT may be increased. 
Such dose increases should not be made more frequently 
•-kan once a month, unless clinically indicated, as the re- 
^pccse time of the hematocrit to a dose increase can be 2-6 
"eeks. Hematocrit should be measured twice weekly for 2-6 
'leeks following dose increases. In patients with CRF not on 
^^ysis, the mainteoai:ce dose must also be individualized. 
PROCRIT doses of 75-150 Units/kg per week have been 
ihown to maintain hematocrits of 36-38% for up to 
6 months. 

Dtlayed or Diminished Response: Over 95% of patients 
^th CRF responded ^"iih clinically significant increases in 
hematocrit, and virtually all patients were trans fusiou- 
'■idependent ^".•iUua approcisately two months of initiation 
=f PROCRIT therapy. 

- a patien: fails to respond or maintain a response, other 
"iclogies should be ccnsidered and evaluated as clinically 
indicated. (See "PRZCAUTIONS" section for discussion of 
islayed or diminished response.) 
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Zidovudine-treated HIV-infected Patients 
Prior to beginning PROCRIT, it is recommended that the 
endogenous serum erythropoietin level be determined {prior 
to transfusion). Airailable evidence BuggBsts . that patients 
receiving zidovudine with endogenous serum erythropoietin 
levels > 500 mUnits/mJL are unlikely to respond to therapy 
with PROCRIT 

Starting Dose: For patients with serum erythropoietin lev- 
els S 500 mUnits/mLwho are receiving a dose of zidovudine 
s 4,200 mg/week, the recommended starting dose . of 
PROCRIT is 100 Units/kg as an intravenous or subcutane- 
ous injection three times weekly (T.I.W.) for 8 weeks. 
Increase Dosa: During the dose adjustment phase of ther- 
apy, the hematocrit should be monitored weekly. If the re- 
sponse is not satisfactory in terms of reducing transfusion 
requirements or increasing hematocrit .after 8 weeks of 
therapy, the dose of PROCRIT can be increased by 
50-100 Units/kg (T.LW.). Response shovild be evaluated ev- 
ery 4-8 weeks thereafter and the dose adjusted accordingly 
by 50-100 Units/kg increments {T.LW.), If patients have not 
responded satisfactorily to a PROCRIT dose of 300 Units/kg 
{T.I.W.}, it is unlikely that they will respond to higher doses 
of PROCRIT. 

Maintananc* Dose; ' After attainment of the desired re- 
sponse (i.e., reduced transfusion requirements or increased 
hematocrit), the dose of PROCRIT should be titrated to 
maintain the response based on factors such as variations in 
zidovudine dose and the presence of intercurrent infectious 
or inflammatory episodes. If the hematocrit exceeds 40%, 
the dose should be discontinued until the hematocrit drops 
to 36%. The dose should be reduced by 25% when treatment 
is resumed and then titrated to maintain the desired 
hematocrit. 

Cancer Patients on Chemotherapy 

Baseline endogenous serum erythropoietin levels varied 
among patients in these trials with approximately 75% 
{N=83/110) having endogenous serum eiythropoietm levels 
< 132 mtfnits/mL, and approximately 4% (NS4/110) <sf pa- 
tients having endogenous serum erythropoietin levels > 500 
mUnits/mL. In general, patients with tower baseline serum 
erythropoietin levels ■ responded more vigorously to 
PROCRIT than patients with higher erythropoietin levels. 
Although no specific serum erythropoietin level can be stip- 
ulated above which patients would be unlikely to respond to 
PROCRIT therapy, treatment of patients with grossly ele- 
vated serum erythropoietin levels (e.g., > 200 mUnits/ciL) is 
not recommended. The hematocrit should be monitored on. a 
weekly basis in patients recei^'ing PROCRIT therapy until 
hematocrit becomes stable. 

Starting Dose: The recommended starting dose of 
PROCRIT is 150 Units/kg subcutaneously (T.LW.). 
Dose Adjustment: If the response is not satisfactory in 
terms of reducing transfusion requirements or increasing 
hematocrit after 8 weeks of therapy, the dose of PROCRIT 
can be increased up to 300 Units/kg {T.I.W). If patients have 
not responded satisfactorily to a PROCRIT dose of 300 
Unita/kg (T.LW.), it is unlikely that they will respond to 
higher doses of PROCRIT. If the hematocrit exceeds 40%, 
the dose of PROCRIT should be withheld imtU the hemato- 
crit falls to 36%. The dose of PROCRIT should be reduced by 
25% when treatment is resumed and titrated to maintain 
the desired hematocrit. If the initial dose 'of PROCRIT in- 
cludes a very rapid hematocrit response (e.g., an increase of 
more than 4 percentage points in any 2-week period), the 
dose of PROCRIT should be reduced. 
Surgery Patients 

Prior to initiating treatment with PROCRIT a hemoglobin 
should be obtained to establish that it is >10 to sl3 g/dL." 
The recommended dose of PROCRIT is 300 U/kg^day subcu- 
taneously for 10 days before surgery, on the day of surgery, 
and for 4 days after surgery.^* 

An alternate dose schedule is 600 U/kg PROCRIT subcuta- 
neously in once weekly doses (21, 14 and 7 days before sur- 
gery) plus a fourth dose on day of surgery.^' 
All patients should receive adequate iron supplementation. 
Iron supplementation should be initiated no later than the 
beginning of treatment with PROCRIT and should continue 
throughout the course of therapy. 

PREPARATION AND ADmNISTRATlON OF 
PROCRIT 

1. DO NOT SHAKE.' It is not necessary to shake PROCRIT. 
Prolonged vigorous shaking may denature any glycoprotein, 
rendering it biologically inactive. 

2. Parenteral drug products should be inspected visually for 
particulate matter and discoloration prior to administra- 
tioa. Do not use any viats exhibiting particulate matter or 
discoloration. 

3. Using aseptic techniques, attach a sterile needle to a ster- 
ile syringe. Remove the flip top from the vial containing 



PROCRIT, and wipe the septum with a disinfectant. Ins en 
the needle into the vial, and *-ithdjaw into the sjringe as 
appropriate volume of solution. 

4. Single-dose 1 mL vial contains no preservative. Use cce 
dose per vial; do not re-enter vial. Discard \inused portions. 
Muhidose 1 mL and 2 toL \-ial5 contain preservative. Stcre 
at 2 to 8*C after initial entry and between doses. Discard 21 ■ 
days after initial entry. 

5. Do not dilute or administer in conjunction with other 
drug solutions. However, at the time of subcutaneous ad- 
ministration, preservative-free PROCRIT from single-use 
vials may be admixed in a syringe with bacteriostatic 0.^ 
sodium chloride injection, USP, with benzyl alcohol p.&% 
(bacteriostatic saline) at a 1:1 ratio using jLseptic technique. 
The benzyl alcohol in the bacteriostatic saline acts as a local 
anesthetic which may ameliorate subcutaneous injection 
site discomfort. Admixing is not necessary when using the 
multidose vials of PROCRIT containing benzyl alcohol. 

HOW SUPPLIED 

PROCRIT. containing Epoetin alfa, is available in vials con- 
taining color coded labels. 

1 mL Single-Dose, Preservative- Free Solution 

Each dosage form is supplied in the folloi«-ing packages: 
Cartons containing six (6) single-dose vials: 

2,000 Units/mL (NDC 59676-302-01) (Purple) 
3,000 Unita/mL (NDC 69676-303-01) (Magenta) 
4,000 Units/mL {NDC 59676-304-01) (Green) 
10.000 Units/mL (NDC 59676-310-01) (Red) 
Cartons containing four (4) single-dose vials: 

40.000 UnitstoL (NDC 59676-340-01) (Orange) 
IVays containing twenty-five (25) single-dose vials: 
2.000 Units/mL (NDC 59676-302-02) (Purple) 
3,000 Units/mL (NDC 59676-303-02) (MagenU) 
4,000 Units/mL (NDC 59676-304-02) (Green) 
10,000 Units/mL (NDC 59676-310-02) (Red) 

2 mL Muftidose. Preserved Solution 
Cartons containing six (6) muttidose vials: 

10,000 Units/mL (NDC 69676-312-01) (Blue) 
I mL Muttidose, Preserved Solution 
Cartons containing six (6) multidose vials: 

20.000 Units/mL (NDC 59676-320-01) (Lime) 

STORAGE 

Store at 2* to 8* C (36* to 46* F). Do not freeze or shake. 
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PROCRIT® 
EPOeriM ALFA . 

INFORMATION FOH HOME DIALYSIS PATIENTS 
What Is PROCRIT and how does It work? 
PROCRIT is a copy of human erythropoietin, a hormone 
produced primarily by healthy kidneys. PROCRIT replaces 
the erythropoietin that the failed kidneys can no longer pro- 
duce, and signals the boiie marrow to make the o^gea- 
carrying red blood cells once again. PROCRIT is produced in 
mammalian cells that have been genetically altered by the 
addition of a gene of the natural substance erythropoietin. 
How should 1 take PROCRIT? 

la those situations where your doctor has determined that 
co^Ar-^fr^ dialysis patient, can- self-administer 

nortS * receive instruction on how much 

PROCRIT to use, how to inject it, how often you should in- 
ject It, and how you should dispose of the unused portions of 
each vial. 

You will be instructed to monitor your blood pressure care- 
fully everyday and to report any . changes outside of the 
guidelines that your doctor has given you. When the num- 
ber of red blood cells 'increases, your blood pressure can also 
increase, so your doctor may prescribe some new or addi- 
tional blood pressure medication. Be sure to follow your doc- 
tor's orders. You may also be instructed to have certain lab- 
oratory tests, such as additional hematocrit or iron level 
measurements, done more frequently. You may be asked to 
report these tests to your doctor or dialvsis center. Also, 
your doctor may prescribe additional iron for you to take. Be 
sure to comply with your doctor's orders. 



Continue to check your access, as your doctor or nurse has 
shown you. to make sure it is working. Be sure to let your 
health care professional know right away if there is a 
problem. 

Allergy to PROCBfT 
' Patients occasionally experience redness, swelling, or itch- 
ing at the site of injection of PROCRIT. This may indicate 
an allergy to the components of PROCRIT, or it may indi- 
cate a local reaction. If you have a local reaction, consult 
your doctor. A potentially more serious reaction would be a 
generalized allergy to PROCRIT, which could cause a rash 
over the whole body, shortness of breath, wheezing, reduc- 
tioa in blood pressure, fast pulse, or sweating. Severe cases 
of generalized allergy may be life-threatening. If you think 
you are having a generalized allergic reaction, stop taking 
PROCRIT and notify a doctor or emergency medical person- 
nel immediately. 

How win I know if PROCRIT is working? 



The effectiveness of PROCRIT is measured fay the increase 
in hematocrit, (th^ amo\int of red blood cells in the blood) 
that results from PROCRIT therapy The rise in hematocrit 
is not immediate. It usually takes about 2-6 weeks before 
the hematocrit starts to rise. The amount of time it takes. 
and the dose of PROCRIT that is needed to make the he- 
matocrit increase, varies from patient to patient. 
What is the most tmportant information I should know 
about PROCRiT and CHRONIC RENAL FAILURE? 
PROCRIT has been prescribed for you by your doctor be- 
cause you: 

1. Have anemia due to your kidney disease. 

2. Are able to di.alyz6 at home. 

3. 'Have been determined to be able to administer 
PROCRIT without direct medical or other supervision. 

Alack of energy or feeling of tiredness is the major symptom 
of anemia. Additional symptoms include shortness of 
breath, chest pain, and feeling cold all the time. The reason 
for these symptoms is that there is a lack of red blood cells. 
Red blood cells cany oxygen, which is important for all of 
the body's functions. When there are fewer red blood cells, 
the body does not get all the oxygen it needs. 
Kidneys remove toxins from the blood; they also measure 
the amount of oxygen in the blood. If there is not enough 
oxygen, the Iddneys will produce a hormone called erythro- 
poietin. Erythropoietin is released into the bloodstream and 
travels to the bone marrow where red blood cells are made. 
Erythropoietin signals the bone marrow to make more 
oxygen-carrying red blood cells. 

As the kidneys fail. they, stop cleansing toxins from your 
blood. They also make less erythropoietin than they should. 
Therefore, the bone marrow does not receive a strong- 
enough signal to make the oxygen-carrying red blood cells. 
Fewer red blood cells are produced so the muscles, brain, 
and other parts of the body do not get the oxygen they need 
to function properly. 

Most patients treated with PROCRIT no longer need blood 
transfusions. However, certain medical conditions, or unex- 
pected blood loss, may result in the need for a transfusion. 
What do I need to know if I am giving myself PROCRIT 
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IMPORTANT: TO HELP AVOID CONTAMINATION i 
POSSIBLE INFECTION, FOLLOW THESE INSTRUrl*** 
EXACTLY ""^nOli, 
PREPARING THE DOSE 

1. Wash your hands 
thoroTighly with soap and 
water before preparing 
the medication. 

2. Check the date on the 
PROCRIT vial to be sure 
that the drug has 
not expired. ■ 



3. Remove the vial of 
PROC^irr from the 
refrigerator' and allow it 
to reach room temperattire. 
Each PROCRIT vial is 
designed to be used only 



mjections? 

When you receive your PROCRIT from the dialysis center, 
doctor's ofiBce or home dialysis supplier, always check to see 
that: 

1. The name PROCRIT appears on the carton and vial 
label. 

2. You will be able to use PROCRIT before the expiration 
date stamped on the package. 

The PROCRIT solution in the vial should always be clear 
and colorless. Do not use PROCRIT if the contents of the 
vial appear discolored or cloudy, or if the via] appears to con- 
tain lumps, flakes, or particles. In addition, if the vial has 
been shaken vigorously, the solution may appe^ to be 
frothy and should not be used. Therefore, care should be 
taken not to shake the PROCRIT vial vigorously before use. 
Unless you have been prescribed Multidose PROCRIT 
(1 roL or 2 mL vials with a big "M" on the label, each con- 
taining a total of 20.000 Units of PROCRTT), vials "of 
PROCRIT are for single use. Any unused portion of a vial 
should not be used. However. Multidose PROCRIT pay be 
stored in ttie refrigerator between doses for up to 21 days, 
and can be used for multiple doses. Follow you r dialvsis cen- 
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ter s instructions on what to do with the used vials. 
How should I store PROCRIT? 

PROCRIT should be stored in the refrigerator, but not in 
the freezing compartment. Do not let the vial freeze and do 
not leave it in direct sunlight. Do not use a vial of PROCRIT 
that has been frozen or after the expiration date that is 
stamped on the labeL If you have any questions about the 
safety of a vial of PROCRIT that has been subjected to tem- 
perature extremes, be sure to check with your dialysis 
unit staff. 

Always use the correct syringe. 

Your doctor has instructed you on how to give yourself the 
correct dosage of PROCRIT. This dosage will usually be 
measured in Units per milliliter or cc's. It is important to 
use a syringe that is marked in tenths of milliliters (for ex- 
ample, 0.2 mL or cc). Failure to use the proper syringe can 
lead to a mistake in dosage, and you may receive too much 
or too little PROCRIT. Too litUe PROCRIT may net be effec- 
tive in increasing j-our hematocrit, and too much PROCRIT 
may lead to a hematocrit that is too high. Only use dispos- 
able syringes and needles as they do not require steriliza- 
tion; they should be used once and disposed of as instructed 
by your doctor. 



once; do not reenter the 
vial . It is not necessary . 
tolhake PROCRIT. 
Prolonged vigorous shak- 
ing may damage the prod- 
uct. Assemble the other 
supplies you will need for 
your injection. ■ 
4. Hemodialysis patients 
should wipe off the venous 
port of the hemodialysis 
tubing with an antiseptic 
swab. Peritoneal dialysis 
patients should. cleanse the 
sldn with an antiseptic 
swab where the injection 
is to be made. 



5. Flip off the red 
protective cap but do not 
remove the gray rubber 
stopper. Wipe the top of 
the gray rubber stopper 
with an antiseptic swab. 



6. Using a syringe and 
needle derlgned for 
subcutaneous iiyection, 
draw air into the syringe 
by pulling back on the 
plunger The amount of 
air should be equal to 
your PROCRIT dose. 



7. Carefully remove the 
needle cc\*er. Put the 
needle through the gray 
rubber stopper of ^e 
PROCRIT vial. 

8. Push the plunger in to 
discharge air into the vial. 
The air injected into the 
vial will allow PROCRIT • 
to be easily withdrawn 
into the syringe. 

9. Turn the vial and 
syringe upside down in 
one hand. Be sure the tip 
of the needle is in the 
PROCRIT solution. Your ■ 
other hand will be free to 
move the plunger Draw 
back on the plunger slowly 
to draw the correct dose 

of PROCRIT into the 
syringe. 









.10. Check for air bubbles. The air is harmless, b-t "•so lari* 
an air bubble will reduce the PROCRIT dose. Ts re=ove air 
bubbles, gently tap the syringe to move the air ttbbles to 
the top of the syringe, then use the plunger to tlie>>* 
lution and the air back into the vial. Then Ttniiis:^^ 7°^ 
correct dcse of PROCRIT. 

11. Double check your dose. Remove the netcle fr^ia tJ^* 
vial. Do not lay the syringe down or allow ihe iwdle to 
touch anithing. 

INJECTING THE DOSE 

Patients on home hemodialysis using the intra v«rou» I"- 
jsction route: 
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jjjert the needle of 

" fiously cleansed venous 
gad inject the 

fiocf^- ;■. - 

^loeve the syrinye and 

- cf the whole unit, 
r^i'the disposable sjiinge' 
^,oD«. Dispose of . 
'^p.gei and needles as 
^^ted by your doctor, 

- ctaee all used needles and syringes in a hard plastic con- 
ifer with a 5crew-on-cap, or a metal container with a 
-laatic Ud, such as a coffee can properly labeled as to con- 

If a metal container is \ised, cut a small hole in the 
n'astic lid and tape the lid to, the metal container If a 
^^-plastic container is used, , always screw the cap on 
tifhtly after each use. When the container is full, tape 
j,-oiind the cap or lid, and dispose of according to your 
fljctor's instructions. 

uot use glass or clear plastic containers, or any con- 
tainer that will be recycled or returned to a store. 
_ X-^ys store the container out of the reach of. children. 

- Please check with your doctor, nurse, or pharmacist for 
eiaer suggestions. There may be special state and local 
laws that they will discuss with you. ■ 

'ttiints on home peritoneal dialysis or home hemodialysis 
ising the sabcutaneous route: . ■ ■ . 
. Wth one hand, stabilize 
:-s prtviously deansed 
^ by spreading it or by 
jiscfiisg up a l^S® 
ith your free hand. 

Hold the syringe with 
he other hand, as you 
■i'Sld a pencil. Double 
-.eck that the correct 
.-cunt of PROCRIT is in 
~.e syringe. Insert the 
ttile straight into the sMn 

^3 degree angle). Pull the plunger back slightly. If blood 
:xes into the syringe, do not it^ect PROCRIT, as the 
iiile has entered a blood vessel; witiidraw the syringe and 
:jeet at a different site. Inject the PROCRIT by pushing the 
lunger all the way down. 





Hold an antiseptic swab near the needle and pull the 
edle straii^t out of the skin. Press the antiseptic swab 
&r the injection site for several seconds. 

Use the disposable syringe only once. Dispose of sy> 
'ges and needles as directed by your doctor, by following 
we simple steps: 

- Place all used needles' and syringes in a bard plastic con- 
tiicer with a screw-on-cap, or a metal container with a 
plastic lid, such as a coSee can properly labeled as to con- 
tent. If a metal container is used, cut a small hole in the 
plastic lid and tape the lid to the metal container. If a 
hard-plastic container is used, always screw the cap on 
tightly after eadi use. When the container is full, tape 
a«uiid the cap or lid, and dispose of according to your 
doctor's instructions. 

Do not use glass or clear plastic containers, or any con- 
tuner that will be recycled or returned to a store. 
Always store the container out of the reach of children. 
Please check with your doctor, nurse, or pharmacist for 
other suggestions. There may be special state anil local 
«ws that they will discuss with you. 

Always change the site 
' each injection as di- 
-tei Occasionally a 
oWsia may develop at 
e ifljection site. If you 
ti« a limap, awelliog. or 
^siog that doesn't go 
•■>y. contact your doctor, 
u tay wish to record 
e rite jxist used so that 
J C40 keep track. 

l* gE. IN PREGNANCY * 

you are pregnant or nursing a baby, consult your doctor 

;'re using PROCRIT. 

l^ORTATXTNOTES 

•ice you are a home dialysis patient and your doctor allows 
to self-adtuinister PROCRIT, please nqte the following; 
J follow the insb-uctiona of your doctor concerning 

* oosage and administration of PROCRIT. Do not change 

* Case or instructions for administration of PROCRIT 
"lout consulting your doctor. - 

j^far doctor v.-ill tell you what to do if you miss a dose of 
■'OCRIT. Always keep a spare syringe and needle on hand. 




3. Always consult your doctor if you notice anything un- 
usual about your condition or your use of PROCRIT. 
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SPORANOX® 

[spdr-a'ndx] 

{itraconazolej INJECTION 



WARNING: . Coadministration of terfenadine, astemi- 
zole, and cisapride with SPORANOX® (itraconazole) 
Capsules, Oral Solutioii or liyection is contraindicated. 
SPORANOX® is a potent inhibitor of the cytochrome 
P450 3A4 enzyxoe system and may raise plasma concen- 
trations of drugs metabolized by this pathway. Serious 
cardiovascular events, including death, ventricular 
tachycardia, and torsades de pointes have occurred in 
patients taking itraconazole concomitantly with ter* 
fenadine or cisapride,- which are metabolized by the cy-' 
tochroma P450 3A4 system. See CONTRAINDICA- 
TIONS, WARNINGS, and PRECAUTIONS: Drug Inter- 
actions for taore information. 



DESCRIPTION 

For intravenous Infusion (NOT FOR IV BOLUS INJECTION) 
SPORANOX® is the brand name for itraconazole, a syn- 
thetic triazole antifungal agent Itraconazole is a 1:1:1:1 ra- 
cemic mixture of four diastereomers (two enantiomeric 
pairs), each possessing three chiral centers. It may be rep- 
resented by the following structural formula and nomencla- 
t\ire: 

(i)-l-[(R»)-sec-butyl]-4-tE-t4-r£[[(2R*,4S*)-2-(2,4-dichlo- 

rophenyIV2-TlH-l,2,4-tria2ohl-ylme'thyiri.3-dioiolan-4-yl- 

] methoxyjphenyl]- 1-piperazinyl] phenyl] -A'- 1 ,2,4-triazolin- 

5-one mixture with ( ± }- 1 -[(R* )-sec-butyll-4- [p- [4- 

[£[[2S*,4R*)-2-(2,4-dichlorophenyl)-2-(lH-l,2,4-triazo]-l- 

ylmetliyl)-l,3-dioxoIan-4-yl]methoxy]phenylI-l- 

piperaziavl]- 

phenylj-i -l,2,4-triazolin-5-one 
or 

(±)-l-I(RS*)-sec-butyl]-4-[p-[4-[ptt(2R'.4S)-2-(2,4-dichlo- 
rophenyir2-( IH- 1,2,4-triazol- l-yimetEyl)-! .3-dioxol an-4-yl- 
]methoxy]phenyl]-l-piperazinylIphenyl]-i'-l,2,4-triazolia- 
S-one 

Itraconazole has a molecular formula of CaaHjgCl jNgO^ and 
a molecular weight of 705.64. It is a white to slightly yel- 
lowish powder. It is insoluble in water, very slightly soluble 
in alcohols, and freely soluble in dichloromethane. It has a 
pKa of 3.70 (based on extrapolation of values obtained from 
methanolic solutions) and a log (n-octanoVwater) partition 
coefficient of 5.66 at pH 8.1. 

SPORANOX® (itraconazole) Iiyectioa is a sterile pyrogen- 
free clear, colorless to slightly yellow solution for intrave- 
nous infusion. Each mL contains 10 mg of itraconazole, sol- 
ubilized by hydroiypropyl-p-cyclodeictrin (400 mg) as a mo- 
lecular inclusion complex, wiUi 3.8 iiL hydrochloric acid, 25 
pL propylene glycol, and sodium hydroxide for pH adjust- 
ment to' 4.5, in water for injection. SPORANOX® liyection 
is packaged in 25 mL colorless glass ampules, containing 
250 mg of itraconazole, contents of which are diluted in'50 
mL 0.9* Sodium Chloride liyection, USP (Normal Saline) 
prior to infusion. When properly administered, contents of 
one ampule will supply 200 mg of itraconazole. 

CLINICAL PHARMACOLOGY 

Pharmacokinetics and Metabolism: NOTE: The plasma 
concentrations reported below were measured by high per- 
formance Uqmd chromatography (HPLC) specific for itra- 
conazole. When itraconazole in plasma is measured by a 
bioassay, values reported may be higher than those ob- 
tained by HPLC due to the presence of the bioactive metab- 
olite, hydroxyitraconarole. (See MICROBIOLOGY.) 
The pharmacokinetics of SPORANOX® (itraconazole) liyec- 
tion (200 mg b.i.d. for two days, then 200 mg q.d. for five 
days) followed by oral dosing of SPORANOX® Capsules 
were studied in patients with advanced HIV infection. 
Steady-state plasma concentrations were reached after the 
fourth dose for itraconazole and by the seventh dose for hy- 
drojQitraconazole. Steady-state plasma concentrations were 
maintained by administration of SP(>RANOX® Capsules, 



200 mg b.i.d. Phannacoldneii; ;:a.-in:eters for itracor.azole 
and hydroxj-itraconazole are preseiited in the table belcw 
tSec table below] 

The estimated mean rSD hal:-life at steady state of itra- 
conazole after intravenous infiirlo- was 35.4 * 29.4 hou-'s. 
In previom studies, the mean e".i=:inatioo half-life for itra- 
conazole at steady state after caiiy oral administraticn of 
100 to 400 mg was 30-40 hours. Approximately 93-101% of 
bydroxypropyl-p-cyclodextrin waj excreted unchanged ia 
the urine within 12 hours after dcsing.' 
The plasma protein binding of itraconazole is 99.6% and 
that of hydroxyitraconazole is 95.5 -c. Following intravenous 
administration, the volume of cisiribution of itraconazole 
averaged 796 l: 185 L. 

Itraconazole is extensively meiaboliied resulting in the for- 
mation of several metabolites iailuding hydroxyitraco-a- 
zole, the major metabolite. F-esu-is of a pharmacokinetics 
study suggest that itraconazole =:ay undergo saturable me- 
tabolism with multiple dosing. Fecal excretion of the parezt 
drug varies between 3-1 S?« of dose. Renal excretion of 
the parent drug is less than 0.03 ?r of the dose. About 40ft of 
■the dose is excreted as inacti%-e meubolites in the urine. No 
single excreted metabolite represents more than 5% of a 
dose. Itraconazole total plasma clearance averaged 3S1 r 
95 mL/min following intraven;'.:s administration. Approxi- 
mately 80-90% of hydroxyproFyl.p-cyclodextrin is elimi- 
nated through the kidneys. 
Special populations: 

Renal Insufficiency: Plasma concentrations of itraconazole . 
in patients with mild to moderate renal insufficiency were 
comparable to those obtained in healthy subjects. The ma- 
jority of the 8-gram dose of hydrorj-propyl-P-cyelodextrin . 
was eliminated in the urii:e during the 1 2 O-hour. collection 
period in normal subjects and in patients with mild to se^ 
vere renal insufficiency. Following a single intravenous dase 
of 200 mg to subjects with severe renal impairment (creat- 
inine clearance s 19 niL/minut«), clearance of hydroxypro- 
pyl-p-cyclodextrin was reduced six -fold compared with sub- 
jects with normal renal fiincricn. SPORANOX® Injection 
should not be used in patients ^i^'ith creatinine clearance 
< 30 mlVroin. 

Hepatic Insufficiency: The effect of hepatic impairment on 
plasma concentrations of itraconaiole is unknown. It is rec- 
ommended that patients ^ith hematic impairment be care- 
fully monitored when taking itraconazole. 

MICROBIOLOGY 

Mechanism of Action: In virro studies have demonstrated 
that itraconazole inhibits the c^^cri^ome.P-450-dependeat 
synthesis of ergosterol, which is a \-:tal component of ftmgal 
cell membranes. 

Activity in vitro and in 'Ai-o: Itraconazole exhibits in vitro 
activity against Blastomyces cer7r,cr::idis. Histoplasm^ cap- 
sulatum. Histoplasma duboisii, Aspirgillus flauus. Aspergil- 
lus fumigaius, Candida zlbic a rj'znd Cryptococcus rieofor- 
mans. Itraconazole also c.'ihibizs var^-ing in vitro activity 
against Sporothrix schenckii. Trichophyton spp., Candida 
krusei and other Candida spp. Tzi bioactive metabolite, hy- 
droxyitraconazole, has not beta evaluated against Histo- 
plasma capsulatum and Bl(is:c'r.\ces dermatitidis. Correla- 
tion between in vitro mij;i=:'~. inhibitory concentration 
(MIC) resolu and clinical ouxczie has yet to be established 
for azole antifungal agents. 

Itraconazole administered orally was active in a variety of 
animal models of fungal infecrlcn using standard laboratory 
sti*ains of fungi. Fungistatic &c-i\i'.y has been demonstrated 
against disseminated fungal infecions caused by Blastomy- 
ces dermatitidis, Histoplasmc cubcisH, Aspergillus fumiga- 
tus, Coccidioides immitis, Cr.-p:>:occiis neoformans, Para- 
coccidioides brasilitnsis, Sporo:\.-ix schenckii, Tyiehophyian 
rubrum and 7>icAopAyto/r jrurAz^-ophytes. 
Itraconazole administered a: 2.5 mg/kg and 5.0 mg/kg via 
the oral and parenteral rouUs increased survival rates and 
sterilized organ systems in cardial and immunosuppressed 
guinea pigs with d^s^za^iiizXia Asptrgillus fumigatus infec- 
tions. Oral intraconazole adm:r,is:ered daily at 40 mg/kg, 
and 80 mg/kg increased survival rates in normal rabbits 
with disseminated disease a:.d immunosuppressed rats 
with pulmonary Aspergillus f-^r-.tgatus infection, respec- 
tively. Itraconazole has demciiitrited antifungal activity in . 
a variety of animal models ir^erte-i with Candida albicans 
and other Candida species. 

Resistance: ' Isolates bom several fungal species with de- 
creased susceptibility to itracoiaiole have been isolated in 
vitro and from patients rece:i.i=g prolonged therapy. 
Several in vitro studies have reponed that some fungal clin- 
ical isolates, including Candida species, with reduced sus- 
ceptibility to one azole antL^jcgai agent may also be less 
susceptible to other azole derr- atves. The finding of cross- 
resistance is dependent upon a nurr-ber of factors; including 
the species evaluated, its eliiical history, the particnlar 
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Abstract Prolonged ischemia is known to damage the 
blood-brain barrier, causing an increase in vascular per- 
meability to proteins. We studied the time course of ex- 
travasation of endogenous albumin in rats after 1 and 2 h 
of middle cerebral artery (MCA) occlusion followed by 6, 
1 2. and 24 h of recirculation. In a separate group of rats 
that had undergone 1 h of MCA occlusion and 6 h of re- 
CLTCulation, influx of ('*C]aminoisobutyric acid (AIB) from 
blood to brain was also measured. After 1 h of occlusion 
followed by 6 h of recirculation, neuronal damage was ev- 
ident in caudoputamen, but there were no signs of blood- 
brain barrier leakage to either AIB or albumin. At 12 h, 
the caudoputamcn contained cxtravasa:cd albumin, and at 
24 h extravasation was extended to the somatosensory 
cortex. Animals subjected to 2 h of MCA occlusion showed 
albumin extravasation in caudoputamcn already ai 6 h of 
recirculation, and at 12 and 24 h albumin was abundant in 
the major part of the right hemisphere. This study sug- 
gests that damage to neurons precedes leakage of the 
blood- brain barrier. Even a relatively short period of is- 
chemia such as 1 h will result in markedly increased vas- 
cular permeability. However, a longer transient ischemic 
insult disrupts the blood-brain barrier earlier than a shorter 
one. 

Key words Brain • Focal ischemia • Rcperfusion ■ 
Albumin extravasation • Blood- brain barrier 



Introduction 

Several groups have investigated the integrity of the 
blood-brain barrier during focal ischemia [4, 7, 14, 20» 23, 
26]. In cases of stroke early edema is of the cytotoxic 
type, but permanent focal ischemia of longer than 6 h du- 
ration will also damage the blood-brain barrier [16, 26] and 
give rise to am increase in vascular permeability to large 
molecules, such as proteins. When the ischemia is tran- 
sient, vascular dysfunction appears earlier, and has been 
shown to be more severe 17, 20. 26]. An open question is 
whether endothelial cell damage, and thereby blood-brain 
barrier dysfunction, precedes neuronal injury after tran- 
sient ischemia, or if primary ichemic cell damage is fol- 
lowed by loss of vascular integrity. 

In this study, we examined the integrity of the blood- 
brain barrier after transient focal ischemia of short dura- 
tion (1-2 h), and explored whether there was a correlation 
between the devclopmeni of tissue damage and blood- 
brain barrier dysfunction. For this, we studied" the time 
course for extravasation of endogenous albumin after 1 
and 2 h of middle cerebral artery (MCA) occlusion fol- 
lowed by 6, 12, and 24 h of recirculation, and evaluated 
morphological tissue damage in the ischemic focus Oat- 
eral caudoputamcn and somatosensory cortex), and the 
penumbral area (motor cortex). 



Materials and methods 
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Animals and operative techniques 

Fasted male Wistar rats (M0Uegaard'5 Breeding Center, Copen- 
hagen, Denmaik) were used for this study. The NIH principles of 
laboratory care were followed, and the experiments were approved 
by the Ethical Committee for Laboratory Animal Experiments at 
the Univcrjity of Lund. Focal ischemia was induced by occlusion 
of the right middle cerebral artery with an intraluminal filament 

[15, 17-19] under haloihane anesthesia. The animals were allowed . 
to recover from anesthesia, and adequate occlusion of the MCA 
was confirmed by the occurrence of a neurological deficit, with the 
animals circling to the left (2]. After 1 or 2 h blood flow was re- 
stored lo the ischemic area by withdrawal of the occluding fila- 
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mcnt under renewed ancsihesia. Tbc ar.imals were thereafier al- 
lowed recirculation periods of 6, 12, or 24 h. 

Imni wohi stoch cmistry 

At the end of the recirculation period (6, 1 2. and 24 h, « = 8 in each 
groups the aniiinaJs were again ^r^es-iietized, and tbe brains were 
perfusion-fixed with formaldchyct, sectioned coronally in 2.8- 
mm-thick blocks, dehydrated, and embedded in paraffin. Coronal 
brain sections of 5-pm thickness uken at the level of bregma, xixc 
region which usually shows the largest infarct area in this model, 
were used for immunohistochctriical visualization of cxtravasated 
serum albumin using the avidLn-biotin-peroxidase complex (ABC) 
method [133. In brief, the sections were placed on chrome-gcla- 
tine-covered glass slides, deparafnnized, and rehydrated. There- 
after, the sections were rinsed in TRIS-HCI buffer solution (TBS), 
and incubated in 0.4% pepsin Li TBS for 15 min at.37'C to un- 
maslt antigen sites, followed by nnsing in TBS. To eliminate en- 
dogenous peroxidase activity, -^hc sections were incubated for 30 
min with 0.3% hydrogen peroxide in methanol. To reduce the non- 
specific protein binding, the sec: ions were incubated for 2 h at 
room temperature with \ % chicken egg albumin in TBS. The sec- 
tions were then incubated for 4S h at 4"C with the primary anti- 
body, rat albumin antiserum, diluted to 1:8000 in 1% chicken. egg 
aJbumin, followed by incubation with the biotinylated secondary 
antibody and ABC (Vectastain, ABC-kit, Vector Laboratories, 
Burlingame, Calif.), The bound antigen- antibody -ABC complex 
was visualized using 3,3'-diamir.3benridtnc as a chromogcn. The 
sections were counterstmned with hematoxylin -co sin, and evalu- 
ated by light microscopy. 



Results 

PhysiologicsL] pararneters 

Blood pressure, body temperature, blood gases and pH 
were measured just before and 10 min after the MCA oc- 
clusion, and were found to be within the normal ranges in 
all animals. 



Albumin leakage 

Three panems of albumin incorporation into tissue were 
seen, all of which were usually present in the same ani- 
mal: (1) vague neuropil staining, evenly distributed in the 
damaged area; (2) normally shaped neurons taking up al- 
bumin in the cytoplasm; and (3) shrunken necrotic neu- 
rons containing albumin in the whole cell. 

Albumin leakage was mainly confined to the ischemic 
area, with the earliest changes seen in the ischemic focus, 
while prolongation of recirculation caused the changes to 
spread into penumbral tissues. After 24 h of recirculation 
the area of albumin extravasation and the area containing 
necrotic neurons/infarction were closely overlapping. In 
the 1 -h MCA occlusion group, netironcl damage preceded 
albumin leakage in the ischemicfocus. 



Aminoisobutyric acid penetraiibc 

Four animals subjected to 1 h MCA occlusion followed by 6-h re- 
circulation were re-anestherized. and the integrity of the blood- 
brain barrier to aminoisobutyric acid (AIB) was tested as follows. 
A bolus of 15 pCi ['"^ClAlB diluted in 1.0 ml saline was injected 
i.v., and was allowed to circulate for 20 min. Arterial plasma sam- 
ples (20 were repeatedly collected to allow integration of spe- 
cific activity. At the end of the experiment, the animals were de- 
capitated, and their brains were rencved and frozen in 2-methyl- 
butanc chilled to -SO^C. Tissue iiTr.ples, weighing 10-15 mg, were 
dissected at-lS'^C from the ischemic focus Oateral caudoputamen) 
and penumbra (motor cortex) o: the MCA*occ!uded hemisphere 
(Fig. 1) to allow assessment of tissue tracer activity. 

The plasma-to-brain AIB tra.-isfcr coefficient, K (pi • g/min) was 
calculated as described by Biasberg ct al, [5] using the following 
equation: 



in which C*^ is the brain tissue concectration of radioactivity af- 
ter 20 min, and C*p, is the plasrr.a activity. Th« cerebral blood vol- 
ume was set to O.ofml/g tissue, according to Ohta et al. {21 ], to al- 
low correction for AIB remalnij-.z in the vasculature. 



Fig. 1 Schematic drawing of 
the section used for histological 
evaluation of albumin extrava- 
sation. / Lattral caudoputamen 
(ischemic focus), 2 cortical fo- 
cus, 3 conical penumbra. Tissue 
samples for measurement of 
aminoisobutyric acid influx 
were taken from areas J and 3 




Caudoputamen. l-h MCA occlusion 

No sign of blood-brain barrier leakage to albumin was 
found after 6 h of recirculation, but neuronal damage was 
evident to a mild to moderate extent (Fig. 2A). After 12 h 
of recirculation, the caudoputamen contained albumin, 
mainly distributed around vessels, and taken up by dying 
neurons (Fig. 2B). After 24 h of recirculation all neurons, 
including the still normal -shaped, large caudoputaminal 
neurons, contained albumin (Fig. 2C). 



Cortex, 1-h MCA occlusion 

After 6 h of recovery the neocortex had a completely nor- 
mal appearence; after 12 h two animals were still unaf- 



Fig. 2A-D Photomicrographs from caudoputamen, stained for vi- ► 
sualization of endogenous albumin in tissue, A After 1-h MCA oc- 
clusion plus 6 h of recirculation, many shrunkcrt, damaged neurons 
(some marked by arrowheads), but no albumin staining, are seen. 
B After 1-h MCA occlusion plus 12 h of recirculation, albumin is 
visible as brown staining in the neuropil around the vessel (V), and 
has been taken up by damaged neurons (some marked with ar- 
rowi). C After 1-b MCA occlusion plus 24 h of recirculation, all 
neurons in the coudoputaminal focus have incorporated albumin 
and show still normal-shaped large neurons, known to be less sen- 
sitive to ischemia {arrow). T> After 2-h MCA occlusion plus 6 h of 
recirculation, i.e., after a longer insult, albumin uptake is already 
seen in neurons showing ischemic cell changes (some marked with 
arrows). A-D Hcmatoxylin-eosin plus the avidin-biotin-peroxi- 
dase (ABC) method for albumin staining. Bar = 50 pm 
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Fig. 3A-C Pho 10 micrographs of the conical penumbra at differ- 
ent times of recirculation after 2 h of MCA occlusion. A. No in- 
jured neurons and no extravasanon of albumin is seen at 6 h or rc- 
circulmion. B At 12 h of recirculation the neuropil show a diffuse 
Staining for aJb-jmln, and some neurons exhibit ischemic cell 
changes without albumin incorporation iarroy^headi). C After 24 
h of recirculation all tissue components in the severely damaged 
tissue contain albumin. A-C HcmaLOxylin-eosin plus the ABC 
method for albumin staining, flcr = 50 pm 

fected and the remaining six showed pale albumin stain- 
ing and necrotic neurons in the somatosensory cortex 
(cortical focus). The pattern after 24 h of recirculation 
was similar lo that at 12 h, with two animals without de- 
tectable damage or aibumin extravasation, and the re- 
maining exhibiting diffuse albumin staining and damaged 
neurons often concaining albumin. 

Caudopmamen, 2 -h MCA occlusion 

Albumin extravasation was seen already at the earliest re- 
circulation time studied, 6 h. Neuronal damage in the lat- 
eral caudoputamen was dense, and the shrunken neurons 
contained albumin (Fig. 2D). After 12 and 24 h, serum al- 
bumin was abundant in both neuronal and glial compart- 
ments in this structure (not shown). 

Cortex, 2-hMCA occlusion 

The somatosensory cortex, directly overlying the caudo- 
putaminal ischemic focus, constitutes the cortical focus 

which during ischemia suffers a blood flow reduction 
similar to that of caudoputamen. Changes in the so- 
matosensory cortex followed a pattern similar lo that seen 
in the caudoputamen after 2-h ischemia, with early albu- 
min extravasation and the presence of necrotic neurons. 




Fig. 4 Cortex at 24 h of recirculation following 2 h of MCA oc- 
clusion: the border between normal tissue {N) and infarct (JNF) is 
sharply demarcated both in terms of tissue damage and of albumin 
content. Note, however, that several damaged neurons ir. the bor- 
derline do not contain albumin (arrowheads). Hematoxylin-eosin 
plus the ABC method for albumin staining. Bar = 100 }im 

In the cortical area with less dense ischemia during the 
MCA occlusion (the penumbral zone, see Fig. 1), no in- 
jured neurons and no extravasation of albumin were seen 
at 6 h after 2-h transient focal ischemia (Fig. 3A). After 12 
h of recirculation some neurons showed ischemic cell 
changes, mainly without incorporation of albumin, and 
the neuropil had started to show a diffuse staining for al- 
bumin. After 24 h of recirculation the whole tissue was 
severely damaged and all tissue components contained al- 
bumin with the exception of a few glial cells (Fig. 3C). At 

this time, the border of the infarct was very demarcated 

both in terms of tissue damage and of albumin content 
(Fig. 4). 
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[i*C]Ajniinoisobutyric acid transfer 

The transfer coefficient (K) for AIB from blood to brain 
after 6 h of recirculation foLLov/ing 1 h of MCA occlusion 
was 0.82 ± 0.54 and 1.23 ± 0.86 >il - g/min in the ischemic 
focus and penumbra, respectively. These values were not 
statistically different from those measured in normal con- 
trol arX-nals in corresponding areas (0.92 ± 0.1 4 and 1.07 ± 
0.34 ^ - g/nLin). 



Discussion 

In this study, despite the manifest neuronal damage, the 
blood-brain barrier was still intact to serum adbumin, as 
well as to smaller molecules such as AIB. at 6 h after a 
transient focal ischemia of 1-h duration. With longer re- 
circulation times (12 h) leakage to albumin became evi- 
dent in the brain areas showing tissue damage. 

When the duration of ischemia was prolonged to 2 h, 
albumin extravasation was seen ah-eady after 6 h of rccLr- 
eolation in tissues subjected to dense ischemia, i.e., the 
caudoputamen and somatosensory cortex » and exhibiting 
pronounced neuronal necrosis, while in the cortical 
penun:bral area albumin was not extravasatcd until neu- 
ronal damage started to occur. 

These findings lead us to conclude that it is unlikely 
that a dysfunction of the blood-brain barrier, to an extent 
which allows large molecules to penetrate » is involved in 
the development of neuronal necrosis. 

Several studies have shown that the blood-brain barrier 
is intact to proteins, and also to smaller molecules such as 
AIB, for 4—6 h sifter pennanent focal ischemia [3, 4, 16. 
22-24]. Ischemic edema is formed before this time, how- 
ever, due to an increased influx of sodium and chloride 
into the tissue. When reperfusion is instituted after 2—3 h 
of fcKral ischemia, vascular dysfunction is aggravated, and 
vasogenic edema ensues, adding to an already increased 
water content of the tissue [7, 16, 20, 26], 

Our results demonstrate that the blood-brain barrier 
permeability to albumin increases at a time when neuronal 
damage is already manifest. A morphological study by 
Garcia et al. [11] supports this fuiding, in showing that 
neuronal necrosis becomes prominent 6 h after permanent 
MCA occlusion in rats, i.e., al a time point at which the 
blood-brain barrier is intact [4, 26]. Furthermore, TMriirra 
et al. (25] studying focal ischemia in cats, demonstrated 
that only animals with severe tissue damage showed 
blood-brain barrier disruption, while subjects with mild or 
no damage had an intact barrier to Evans blue. However, 
the extent of damage in that study was very severe, in- 
cluding hcmoirhagic infarcts in three out of four cats with 
Evans blue leakage, rendering the information less con- 
clusive. Thus, to our knowledge, the present atudy is the 

first to demonstrate that neuronal damage precedes, and 

even may be a prerequisite for a blood-brain barrier open- 
ing following transient focal ischemia. 

The mechanisms behind the breakdown of the barrier 
following ischemia remains unclear, but an improvement 
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of barrier stability has been shown in simations which are ] ' 

associated with nerve cell protection, such as treatment : , 

with a nitric oxide synthase inhibitor [20], as well as with : , 

hypothermia [14], while aggravation of blood- brain bar- \ i 

rier dysfunction has been seen as an effect of placelet-ac- j. ] 

tivacing factor [6] and arachidonic acid metabolites [1, 7]. i ! 

Taken together, these studies suggest that the cascade of ; I 

events following massive glutamate release during is- • , 

chemia is ultimately involved in creating endothelial cell ; , 
damage. The cellular origin of deletarious molecules j 

formed by such mechanisms, and exerting their action on _ 1 

the vasculature, is not known. They may be formed in . r 

neural tissue or in vascular cells. In the latter case, aggre- 7 ! 
gation of platelets, and expression of adhesion molecules ' 

causing leukocyte sucking to the vessel wall ([9], for re- ; 

views see 18, 10, 12]), may cause microcirculatory distur- ; 
bances and further increase endothelial injury. However, 

more research is needed to determine whether the endo- ^ 

thelial damage originates from injury to neural tissue or to : 

the vasculature. * 
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We have studied the effect of lysine acetylsalicylate 
(LAS; Aspegic), a soluble salt of aspirin, on motor 
deficits in transgenic mice expressing a human super- 
oxide dismutase SODl mutation (Gly-93 — ^ Ala), an 
animal model of fainilial amyotrophic lateral sclerosis 
CFALS). In nontreated FALS mice, motor impairments 
appear at 12-14 weeks of age, whereas paralysis is not 
observed before 20 weeks of age. Life expectancy is 
140-170 days. Early treatment wdth LAS from 5 weeks 
of age delayed the appearance of motor deficits in 
FALS mice as measured by extension reflex, loaded 
griti and rotarod tests. This beneficial effecrt of treat- 
ment was maintained up to 18 weeks of age, until just 
before onset of end-stage disease. When treatment was 
started at 13 weeks, no significant beneficial effect was 
observed. These results demonstrate that chronic LAS 
treatment is able to delay the appearance of reflex, 
coordination, and muscle strength deficits In this ani- 
mal model of ALS if the treatment Is started early 
enough. However, neither the onset of paralysis nor 
end-stage disease were improved by the LAS treat- 
ment. In the absence of an effect on survival, the 
functional improvement demonstrated here is prob- 
ably the maximtmi that this demanding model could 
allow. Although other properties of LAS may have 
contributed to its beneficial effect, we suggest that the 
antioxidant properties of aspirin are responsible for 
the positive effects in this model and support the use of 
antioxidants as effective therapy for ALS. o ism Academic 

Press 

iTej'Hfenis: transgenic mice; neuroprotection; antioxi- 
dant; aspirin; behavior. 



INTRODUCTION 

Amyotrophic lateral sclerosis (ALS) is a progressive 
neurodegenerative disorder which Is characterized by 



^ To whom correspondence and reprint requests sliould be ad- 
dressed. 



the loss of motor neurons in the cerebral cortex, brain 
stem, and spinal cord (for review see (9)). The affected 
neurons demonstrate evidence of cytoskeletal pathol- 
ogy in the form of accumulations of neurofilaments (26) . 
A number of studies suggest that this disease arises 
from oxidative and exdtotoxic injury to critical subcel- 
lular targets in motor neurons (6, 8). For example, an 
85% increase in protein carbonyl groups, a marker for 
oxidative damage, has been reported in brain tissue 
from cases of sporadic ALS (8). In addition, a series of 
mutations in the CuZn-superoxide dismutase-1 gene 
(SODl). located on chromosome 21, have been identi- 
fied in 15 to 20% of familial ALS (FALS) cases (17, 37). 
and Wiedau-Pazos et al. (42) and Yim et al. (44) have 
demonstrated that oxidative reactions catalyzed by 
such mutant SODl enzymes can initiate the neuro- 
pathological changes in FALS. 

To test the hypothesis that FALS results from a direct 
action of the mutant enzyme, transgenic mice that 
express mutant forms of himian SODl have been 
generated (25, 36, 43). These studies demonstrate that 
mice with a high number of gene copies become para- 
lyzed as a result of motor neuron loss from the spinal 
cord and die at 5 to 6 months of age. Electromyographic 
studies have demonstrated that the function of motor 
neurons in these mice becomes impaired from 7 weeks 
of age (28), and the onset of motor neuron death is 
observed from 13 weeks (13). Several studies suggest 
that neuronal degeneration in these transgenic mice is 
mediated by free radical production. An increase of 
lipid peroxidation has been demonstrated in the spinal 
cord of these transgenic mice (1. 35), and chronic 
treatment with the antioxidant vitamin E can delay the 
onset of symptomatology (24) . 

There are several compelling reasons for testing 
salicylate and its derivatives in nexirodegenerative 
disorders. First, it has high potency to scavenge hy- 
droxyl radicals as demonstrated by its use in assay 
systems (14). Such an activity has been suggested in 
vivo in a recent study by Aubin et al. (2), who demon- 
strated the ability of salicylate to block the effects of 
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MPTP in mice. Second, salicylate was recently reported 
to protect against glutamate neurotoxicity via blockade 
of NF-kB activation (22). Finally, salicylate is readily 
available and has good brain penetration. Both free 
radicals and glutamate toxicity have been suggested to 
play a role In motor neurodegeneration (5, 18. 19). We 
have therefore studied the effects of a soluble salicylate 
derivative, lysine acetyl salicylate (LAS, Aspegic), on 
motor performance and survival of FALS mice. Two 
treatment regimes were used starting at 5 weeks of age 
(i.e.,l>efo"re the onset of motor neuron dysfunction) and 
at 13 weeks of age (i.e.. the onset of motor neuron 
death). 

MATERIALS AND METHODS 

Transgenic Mice 

TVansgenic male mice expressing mutant human 
CuZn-SOD-1 with a giy^ — ^ ala substitution (desig- 
nated B6SJL-TgN(SODl-G93A)lGur) were bred and 
maintained by Transgenic Alliance (Saint-Germain^sur 
I'Arbresle. France). The transgenic mouse line was 
maintained as hCTii2ygote by mating transgenic males 
with B6 females. Transgenic progeny were identified by 
polymerase chain reaction ^CR) amplification of tall 
DNA (25). Nontransgenic wild-type litterraates (wt) 
were used as controls of FALS transgenic mice. A total 
of 153 FALS and wt mice were included in two differ- 
ents experiments (see Table 1). Ninety-seven mice were 
used for the first experiment in which the effects of LAS 
on motor deficits and survival were studied; the FALS 
animals were subdivided in FALSO (no treatment). 
FALS5 (onset of treatment at 5 weeks of age), and 
FALS 13 (onset of treatment at 13 weeks of age>. 

TABLE 1 



Details of the Experimental Protocols and Numbers 
of Animals Used in Experiments 1 and 2 









Age at Age at 


Duration 
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start of start of 


testing of 


Number 


Groups 


Strain 


ment 
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treattnent 


tested 








Experiment 1 






FALSO 


FALS 


Water 






18 


wtO 


wt 


Water 






13 


FALS5 


FALS 


LAS 


5 7 


15-19 


17 


wt5 


wt 


LAS 


5 7 


15-19 


16 


FALS 13 


FALS 


LAS 


13 7 


7-11 


20 


wtl3 


wt 


LAS 


13 7 


7-11 


13 








Experiment 2 








FALS 


water 






14 




wt 


water 






14 




FALS 


LAS 


5 — 


3 


14 




wt 


LAS 


5 — 


3 


14 



Note. Values are expressed as weeks. 



Fifty-six mice were used for the second experiment in 
which brain salicylate levels after the free consumption 
of LAS solution were evaluated. Mice were housed in 
groups of 5-7 in macrolon cages (32 X 21 x 14 cm) and 
Icept in an isolation cabinet. They were maintained on a 
12-h dark-light cycle Gights on 7:00 a.m.). Throughout 
the experiment food was placed on the floor of the cage 
so that mice could easily eat despite appearance of 
disease symptoms and the water bottle spout was also 
placed close to the floor. Body weight was measured 
twice a week. 

Treatment Protocol (Table 1) 

Experiment 1: Effects of LAS treatment on motor 
deficits in FALS mice. LAS was dissolved in drinking 
water at a concentration of 1.8 mg/ml (1.0 mg/ml of 
aspirin). The 97 male FALS and wt mice were subdi- 
vided into three treatment groups: early, in which 
treatment started at 5 weeks of age: late, in which 
treatment started at 13 weeks of age; and a control 
water-treated group. Dally fluid intake of water or LAS 
solution was estimated by weighing the drinking botUes 
twice a week, i.e., when the solution was changied (we 
checked the stability of the salicylate solution up to 1 
week after preparation of the solution, as indicated 
below) - 

Experiment 2: Salicylate measurements (in the brain 
and in the consumed water). In order to estimate the 
stability of the solution, samples were analyzed up to 1 
week after the preparation of the solutiofL To evaluate 
the passage of salicylate into the brain, 14 FALS and 14 
wt mice were given access to the lysine acetylsalicylate 
solution for 3 weeks (see Table 1 for the treatment 
schedule). The day before sacrifice, the animals were 
deprived of drinking water. Three hours before sacri- 
fice, the animals had access to either water or lysine 
acetylsalicylate. It was necessary to control the period 
of time preceding sacrifice during which the animals 
had access to drug solution because brain salicylate 
was no longer detectable 3 h after an i.p. administra- 
tion of LAS (tinpublished observation). Again, intake of 
water or LAS solution was estimated by weighing the 
drink bottles before and after the 3-h period. Finally, 
the brains were removed and stored at — 80*C until 
analysis. Frozen left hemispheres were sonicated in 
500 pi of 0.05 M HCIO4 containing 0.5 mM of EDTA 
(LABOSI) and 2 mM sodium metabisulfite. After cen- 
trifugation. the supernatant was diluted In 12 vol of 
HC104-EDTA solution and 50 p\ were injected onto the 
liquid chromatography column using a refrigerated 
(4°C) autoinjector Wisp 712 (Waters, Milford, MA). 
Separation was achieved at room temperature; The 
high pressure liquid chromatography (HPLC) system 
consisted of a pimip, a stainless separation column 
(0.46 X 7 cm) packed with an Ultrasphere XL ODS 
CI 8, 3-pm particle size (Beckman, FuUertone, CA). The 
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mobile phase contained 0.05 M NaH2P04, 2.5 mM 
octane sulfonic add. 4% CH3CN, pH 3. The flow rate 
was 0.9 ml/min. The detection was carried out by 
means of a Coulometric detector (model 5100A; ESA, 
Bedford, MA) equipped with dual analytical cells set at 
0.25 and 0.75 V. Concentrations of each compound were 
calculated using a computing integrator (Maxima, Wa- 
ters) with reference calibration curves obtained after 
injection of standards- 

BehavJoral Testing 

The following tests were used to assess motor perfor- 
mance (for more details (4)). All the animals were 
studied weekly using the loaded grid, rotarod, and 
extension reflex tests. The first session began at 7 
weeks of age. For the Medinaceli test, the animals were 
studied at 15, 18, and 20 weeks of age. 

Loaded grid. The mouse was allowed to grip a small 
loaded grid weighing either 40, 30, 20, or 10 g and was 
then lifted by the tail A maximum period of 30 s was 
allowed for each weight. The time during which the 
mouse was able to cany the grid loaded with each of the 
four weights was measured. 

Rotarod, The period for which a mouse could re- 
main on a rotating axle (3.6 cm diameter; speed of 
rotation, 16 rpm) without falling was measured. The 
test was stopped after an arbitrary limit of 180 s. 

Extension reflex. An extension reflex of the hlnd- 
llmbs is normally observed when a mouse is suspended 
in the air by its tail. However, in mice with motor 
neuron disesise, a retraction of the hindlimb is more 
commonly seen. A score of 2 corresponded to a normal 
extension reflex of both hindpaws, a score of 1 to the 
extension reflex of only one hindpaw, and a score of 0 to 
the absence of any hindlimb extension. 

Medinaceli test Pciralysis of hindllmbs was mea- 
sured in mice using the test described by de Medinaceli 
et al. (16). The hind paws were dipped in ink and the 
mice were allowed to walk over a strip of paper in a 
runway (400 X 45 mm). The average stride length was 
measured for each mouse. 

End-Stage Disease 

The end-stage criterion corresponds to the motor 
score 2 defined by Kerasidis et al. (29) as "frequent 
and/or vigorous movement of hindllmbs but no weight 
bearing." 

Statistical Analysis 

The data from each experiment were analyzed by the 
appropriate analysis of variance model. To evaluate the 
consequence of the SOD mutation on behavior, only the 
nontreated FALS and wt mice were compared. To 
estimate the effects of the treatment, only the treated 
and nontreated FALS mice were compared. Because of 
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FIG. 1. DaUy fluid intake for the LAS- and water-treated wt and 
FALS mice (experiment 1). Values are expressed as mean daily 
consumption per animal. See Table 1 for the details of treatment 
group and for the number of animals per group. 

the absence of an effect of the LAS treatment on wt 
mice behaviors, all the wt mice were pooled as the wt 
group and their behavioral response was shown as the 
optimal performance for each test. When required, 
significant interactions were analyzed by Newman- 
Keuls test. The effect of treatment on survival was 
evaluated by survival analysis using the LogRank test. 

RESULTS 

LAS Consumption,, Treatment Tblerance, 
and Salicylate Brain Level Determination 
Experiment L Daily fluid intake was stable in aU 
groups throughout the experiment (see Fig. 1). More- 
over, the presence of LAS and Its derivatives did not 
decrease fluid intake. All the mice drunk approximately 
3-4 ml of solution per day, corresponding to an aspirin 
dose of 3-4 mg/day (approx. 100-160 mg/kg/day). The 
LAS treatment did not modify body weight, agedn 
indicating the absence of toxicity of LAS in our experi- 
mental conditions (see Fig. 2). 
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FIG. 2. Evoltttlon of body weight in the experimental groups. 
Note the absence of deleterious effect of LAS on body weight. Values 
are expressed as mean and SEM. See TaWe 1 for the details of 
treatment group and for the number of animals per group. 
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FIG. 3. Br^ concentrations of salicylate In treated or non- 
treated mice (e^qjeriment 2). The dashed lines indicate the median 
value. See Table 1 for the details of treatment group and for tJie 
number of animals per group. 



Experiment 2. After overnight water deprivation, 
the mice consumed about 2 ml of solution (2 mg of 
aspirin) in the 3-h period during which water or 
treatment was available. Salicylate was detected in the 
brain of LAS-treated mice at similar concentrations in 
wt and FALS mice. No salicylate was detected in mice 
drinking only water (see Fig. 3). 



Effects of LAS Treatment on Motor Deficits 
and Survival 

Muscle strengtfi (Fig. 4), Muscular strength was 
estimated by the loaded grid test. As illustrated in Fig, 
4, the young wt mice (7 weeks of age) had more 
difficulty gripping the heaviest grid than the lightest 
one (from 40 to 10 g, respectively). As they became 
older, their performance with the heaviest weights 
improved. In contrast, FALS mutant mice demon- 
strated a progressive impairment of muscle strength. 
There was no difference between the mutant mice and 
wt mice at 7 weeks of age (ANOVA one-way with group 
factor: F(l,29) = 0.59, n.s.). However, at 15 weeks of 
age. these two groups differed in their ability to grip the 
heaviest grids (ANOVA two-ways with group X weight 
factors interaction: i^3,87) = 16.77, P< 0.001). From 
18 weeks of age, the performance of mutant mice was 
dramatically impaired whatever the weight of the 
loaded grid (ANOVA one-way with group factor: 
FX1,29) = 107.49. P< 0.001). 

Ihe early LAS treatment markedly delayed the 
appearance of deficits in muscular strength. As shown 
in Fig. 4, the mutant mice which were treated with LAS 
from the age of 5 weeks performed better than water- 
treated FALS mice at 15 and 18 weeks of age (two-way 
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FIG. 4. Muscle strength measured using the loaded grid test at 7. 15, IS, and 20 weeks of age. Note the loss of muscular strength as a 
function of age in the FALS mice and the beneficial effect of the LAS treatment at 15 and 18 weeks of age. Values are eiqsressed as mean and 
SEM. See Table 1 for the details of treatment group and for the number of animals per group. Statistical differences between the treated and 
nontreated FALS mice: oo P< 0.01; o i'< 0.05. 
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ANOVA weight X group interaction: F{6,156) ^ 2.57, 
P= 0.02; /^T(6.156) = 3.54, P= 0.003; respectively). At 
20 weeks of age, the two groups were no longer signifi- 
cantly different. The late treatment of LAS did not 
seem to be beneficial, even if muscle strength had a 
tendency to be less impaired in the late-treated group 
than in the water-treated group at 18 weel<s of age. as 
did the reflex from 16 to 18 weeks of age. 

Motor coordination (Fig, 5). Motor coordination, 
estimated by the rotarod test, was also progressively 
disturbed in FALS mice. As illustrated in Fig. 5, the 
behavioral performance of the mutant mice decreased 
irom 14 to 21 weeks of age. whereas that of the control 
wt mice remained stable over the same period (two-way 
ANOVA: group X age interaction F(7,203) ^10.46. 
P< 0.001). 

As observed for muscle strength, the early treatment 
of LAS delayed the appearance of rotarod deficits (two-way 
ANOVA: group X age interaction i^l4,354) = 3.437, 
P< 0.001; Fig. 5). The late treatment of LAS had no 
significant beneficial effect on rotarod performance from 14 
to 18 weeks of age. but had a nonsignificant tendency to 
preserve coordination at 19 weeks of age and after 

Reffex (Fig. 6), The ability of FALS mice to demon- 
strate the extension of hindlimbs decreased as a function of 
age: the muscle strength and motor coordination impair- 
ments described above were accompanied by a loss of the 
extension reflex (Fig. 6) starting at 13 weeks of age and 
which was maximal at 20 weeks of age (two-wacy ANOVA: 
group X age interaction i^l4,406) = 31.1, P< 0.001). 

The early treatment of LAS delayed the progressive 
decline of reflex performance {F(28,728) = 2.411. 
P< 0.001]. This beneficial effect was more marked 
than those evaluated on muscle strength and motor 
coordination, but the decline in performance of treated 
FALS mice was rapid and sudden after 18 weeks of age. 




Agofw) 



FTG. 6. Evaluation of the extension reflex In the different e)q>erl- 
mental groups. Note the progressive loss of reflex as a function of age 
in the FALS mice and the beneficial effect of the LAS treatment. 
Values are expressed as mean and SEM. See Table 1 for the details of 
treatment group and for the number of animals per group. Statistical 
differences between the treated and nontreated FAL-S mice: ooo P < 
0-001; OQ P< 0.01; oP< 0.05. 

Stride length (Fig. 7). Unlike the behavioral perfor- 
mances described above, impairment of the stride 
length did not appear until very late, at 20 weeks of age 
(two-way ANOVA: group X age interaction i^t2,58) = 27.22, 
P < 0.001). Treatment did not prevent the stride short- 
ening (two-way ANOVA: group X age interaction 
iJ^4,104) = 1.213. n.s.). 

Survival (Fig. 8). In FALS mice, the end-stage 
criterion was reached at 140-170 days of age and LAS 
treatment had no beneficial effect on this measure 
(Log-Rank test, Chi-Square = 3.88. d/= 2, n.s.). 

DISCUSSION 

The aim of the present study was to evaluate poten- 
tial beneficial effects of lysine acetylsalicylate in a 
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FIG. 5. Motor coordination of csqierlmental groups measured 
using the rotarod test. Note the appearance of motor incoordination 
as a function of age in the FALS mice and the beneficial effect of the 
LAS treatment. Values are expressed as mean and SEM. See Table 1 
for the details of treatment group and fiar the number of animals per 
group. Statistical difierences between the treated and nontreated 
FALS mice: oo F< 0.01; o P< 0.05. 
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FIG. 7. Stride length of the experimental groups measured with 
the Medinacell test. Note the shortening of stride length at 20 weeks 
of age In the FALS mice and the absence of beneficial effect of LAS 
treatment. Values are expressed as mean and SEM See Table 1 for 
the details of treatment group and for the number of animals per 
group. 
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FIG. 8. Survival of FALS mice. Note that LAS treatment has no 
eflfect on survival (measured as appearance of end-stage criterion). 
See Table 1 for the details of treatment group and for the number of 
animals per group. 



model of ALS. Chronic LAS treatment delayed the 
appearance of motor deficits in FALS mice when the 
treatment was started early enough. This beneficial 
effect of treatment was maintained for 6 weeks, until 2 
weeks before onset of end-stage criterion. However, 
LAS treatment had no effect on onset of end-stage 
disease. 

Bioavailability and Tolerance of LAS Treatment 

Because mice were administered LAS in drinking 
water, it was first necessary to evaluate the effect of 
salicylate on fluid consimiption and to verify the ability 
of salicylate to cross the blood-brain barrier equally in 
wt and FALS mice. Lysine acetylsalicylate was used in 
our experiments because of its high solubility in water: 
immediately after dissolving, LAS is hydrolyzed to 
aspirin and then to salicylate, which is highly stable in 
solution. Indeed, we confirmed an unchanged concentra- 
tion of salicylate in the water bottle up to 1 week after 
the preparation of the solution (data not shown). 

The presence of salicylate and derivatives did not 
modify fluid consumption of the experimental groups. 
In addition, the volume of consumed solution (water 
with or without LAS) remained stable throughout the 
experiment; i.e., mutant FALS mice exhibiting motor 
deficits continued to receive the same quantity of 
aspirin as control wt mice. Our results are in accor- 
dance with those of Gurney (23) who reported stable 
food consumption during agir^ in mutant FALS mice. 
The LAS dose consumed by the animals was about 
180-300 mg/kg/24 h (aspirin dose: 100-160 mg/kg/24 
h) , which is lower than the LAS dose of 500 mg/kg/24 h, 
at which side-effects appear (gastric lesion, body weight 
decrease, data on file, Synthelabo Research). This is 
supported by the observation that LAS treatment did 
not change the evolution of body weight of the mice in 
our experiment. 

Finally, we confirmed the presence of salicylate in the 



brain of mice after they were administered LAS in 
drinking water. The amount of salicylate found in the 
brain was 3 times less than that measured one and a 
half hours after an i.p. injection of 100 mg/kg aspirin 
(2). In conclusion, the LAS treatment procedure used in 
our experiment was suitable for studying the effects of 
LAS on the progressive motor deficit and on survival in 
FALS mutant mice. 

Progression of Motor Deficits in FALS Mice 

The FALS mice have been well characterized in both 
electrophysiological (3, 28) and histological (13) stud- 
ies. Motor neuron function starts to become impaired at 
7 weeks of age and, in parallel with a reduction in 
motor unit number, the remaining functional units 
show an increase in number of neuromuscular junc- 
tions compared to controls at 8-9 weeks. The onset of 
cell death was observed from 13 weeks. We have 
previously reported some parallels between the time of 
appearance of these pathologies and the progression of 
motor deficits in FALS mice (4). Here, we confirmed the 
motor impairments for certain behavioral measures. 
For example, extension reflex and motor coordination 
were impaired from 12 and 14 weeks of age, respec- 
tively Muscle strength of FALS mice, evaluated in the 
loaded grid task, was also impaired from the age of 13 
weeks (results not shown), and in the present studies 
we evaluated the strength of the animals in more 
detail. Transgenic mice exhibited mild impairments 
which depended on the weights of the loaded grid. For 
example, at 15 weeks of age, FALS mice exhibited poor 
performance with the heaviest we^hts. whereas nor- 
mal performance could be observed for the lightest 
weight. Finally, we studied the onset of the hindlimb 
paralysis by measuring the stride length in the Medi- 
nacell task. Unlike the other motor behaviors previ- 
ously described, paralysis appeared late (after 18 weeks 
of age) but developed rapidly (50% deficit in 2 weeks). 
Such a late, but fast, evolution has also been reported 
by Chiu et al. (1 3) for the same task, although the onset 
of parsilysis was later in our experiment than in those of 
Chiu (140 and 125 days, respectively). The onset of 
end-stage criterion reported here was also delayed by 
about 20 days as compared to that previously observed 
by us (4) or Chiu etal (13), i.e-, 155 days versus 140 and 
136 days, respectively. One explanation may be found 
in a small shift: of the GlH genotype. Indeed, the GIH 
line was identified as a spontaneous expansion in 
transgene copy number of 40% over the original Gl line 
described in Gurney etal (25) and thus may be subject 
to a partial loss of the extra gene copies. 

LAS Delays the Appearance of Motor Deficits 

The early treatment of LAS delayed the impairment 
of reflex, muscle strength, and motor coordination in 
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FALS mice measured by the extension rejaex. the 
loaded grid, and the rotarod, respectively. This motor 
improvement could be observed up to 18 weeks of age 
and was particularly marked for the extension reflex. 
The late treatment was not as efficacious as the early 
treatment, although there was a tendency for muscle 
strength and reflex to be less impaired in the late- 
tested group at 18 weeks of age, or from 16 to 18 weeks 
of age, respectively. The fact that the treatment which 
preceded the onset of neuronal dysfunction (i.e., start- 
ing at 5 weeks of age) was more efB.cacious than the one 
occuring just at the onset of neuronal death (i.e., 
starting at 13 weeks of age) suggests a neuroprotective 
effect of LAS. However, the motor performance of 
treated FALS mice was as poor as that of nontreated 
mutant mice at 20 weeks of age, and LAS treatment 
was unable to delay the onset of end-stage disease. The 
fact that LAS treatment was ineffective on the progres- 
sion of paralysis was probably because paralysis onset 
occurred just before death. Indeed, no gait amelioration 
could be observed at 15 and 18 weeks of age because no 
dear shortening of stride length could be observed in 
these ages, and no amelioration was observed at 20 
weeks. The early LAS treatment was thus able to delay 
motor deficits up to two weeks before end-stage disease, 
which seems to be the maximum effect we can expect 
for a compound which had no effect on survival. 

These results indicate that mesisures of functional 
motor progression and survival are separable in the 
transgenic model and may be affected somewhat inde- 
pendentiy by therapeutic agents. This idea has already 
been formulated by Gumey et al. (24), who demon- 
strated differential effects of two compoimds in FALS 
mice: dietary supplementation of the antioxidant vita- 
min E delayed onset of clinical symptoms but did not 
prolong survival, whereas riluzole, which interferes 
with glutamatergic neurotransmission, prolonged sur- 
vival without any affect on disease onset. 

Currently, at least three pathogenic pathways have 
been proposed to account for ALS: cytoskeletal abnor- 
malities such as excessive accumulation of neurofila- 
ments (15); excitotoxicity resulting from the loss of 
glutamate transporters (39) and chronic activation of 
glutamate receptor subtypes (38); and oxidative stress 
(42). Trophic factors have been the subject of intense 
interest in recent years with regard to their ability to 
protect against motor neuron degeneration and CNTF. 
BDNF, IGF-1, and GDNF have been studied exten- 
sively in mouse models of motor neuron degeneration, 
including the wobbler mouse (34) and the progressive 
motor neuronopathy (pmn) mouse (40, 41). Although 
CNTF has been shown to be neuroprotective in the two 
animal lines, it was completely ineffective in two large 
clinical trials of ALS patients, probably because of its 
high toxicity (11, 12). This suggests that, although 
CNTF was effective in the wobbler and pmn models , the 



models themselves fail to mimic an important compo- 
nent of the degenerative process in ALS, and thus may 
not be good as preclinical screerung tools. Transgenic 
FALS mice carrying a SODl mutation known to pro- 
duce the disease in man closely mimic the htonan 
pathology and probably represent the best ardmal 
model for studying novel therapies for ALS. Indeed, 
riluzole, which has beneficial effects in humans (7. 32), 
is also effective in the FALS mouse model. As in 
humans, CNTF was unable to improve clinical symp- 
toms and survival of transgenic SOD mice. Therefore, 
compared to other models (mutant mice, facial nucleus 
lesion) of motor neuron degeneration, the SOD trans- 
genic mouse appears to be a demanding, but perhaps 
more appropriate, model of ALS for the discovery of 
promising therapeutic agents such as LAS. 

Our results demonstrate that onset of lUness (mea- 
sured by muscular strength, motor coordination, and 
reflex) was delayed for 2-3 weeks (10-15% of life 
expectancy) when LAS treatment started at 5 weeks of 
age. This beneficial effect compares favorably with 
other results. The overexpression of bcl-2 in FALS mice 
both delayed onset of illness by 15% and prolonged 
survival by 12.5% (30). whereas inhibition of interleu- 
kine-lp-converting enzyme (ICE) by site-directed muta- 
genesis prolonged survival by only 8% (20). In the case 
of pharmacological treatments, riluzole is reported to 
prolong survival by 8% (24), vitamin E to delay onset of 
motor neuron disease by 8% (24), and cf-penicillamine 
to prolong survival by 10% (27). Comparison between 
our results and those published by these four teams 
indicates that the functional improvement in motor 
performance that we obtained after LAS treatment is 
among the best thus far demonstrated in this animal 
model. 

Mechanism of Action 

The mechanism(s) by which LAS ameliorated motor 
performance in FALS mice is (are) not yet fully under- 
stood. Aspirin is well known for its analgesic, anti- 
inflammatory, and anticoagulant properties, mediated 
via inhibition of prostaglandin synthesis (33). Another 
property of salicylate is its high potency to react with 
hydroxyl radicals and to be converted to 2,3- and 
2,5-dihydroxybenzolc acid (14). We support a neuropro- 
tective role for aspirin, salicylate, and LAS activity in 
another in vivo model of neurodegeneratlon based on 
oxidative dysfunction: salicylate, aspirin, and LAS pre- 
vent the neurotoxic effects of MPTP in mice (2). a 
neurotoxin which acts through elevated production of 
superoxide and peroxynitrite radicals and which is 
blocked by NO-synthase inhibitors. Wiedau-Pazos etal. 
(42) demonstrated that the SOD mutants A4V and 
G93A were able to potentiate the oxidative properties of 
hydrogen peroxide and to induce elevated production of 
hydroxyl radicals. This enzymatic reaction is copper- 
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dependent, and a treatment with the copper chelator 
penicillamine increases survival of FALS mice (27). If 
motor neuron degeneration in FALS mice is mediated 
by free radicals, hydroxyl radical scavengers such as 
aspirin would be expected to act like penicillamine and 
delay the onset of end-stage disease. We have no 
explanation as to why LAS failed to delay thie onset of 
end-stage criterion, whereas it considerably delayed 
the appearance of motor deficits. It is possible that 
these two antioxidant compounds Interact with differ- 
ent cellular compartments or at different levels of the 
process of neuronal death. Another possibility is that 
scavenging hydroxyl radicals is not the main mecha- 
nism by which aspirin has beneficial effects on motor 
functions in FALS mice. A recently discovered property 
of aspirin has been reported by Kwon et sd. (31), who 
demonstrated that aspirin inhibits inducible NO syn- 
thase and NO production. Moreover, another recent 
paper (10) questions the presence of elevated concentra- 
tions of hydroxyl radicals in the spinal cord of another 
transgenic FALS strain (43), but suggest instead a role 
for tyrosine nitration in neurodegenerative events 
through the peroxynitrite radical. Peroxyni^te radical 
formation results from the reaction between the super- 
oxide radical Og" and the nitrogen monoxide, and SOD 
mutants have been shown to increase superoxide pro- 
duction in PCI 2 cells (21). Aspirin may therefore 
ameliorate motor performance in FALS mice by dimin- 
ishing the formation of the peroxynitrite radical. 

In cGndusion, our results demonstrate that the soluble 
aspirin, Le., LAS, is able to retard the onset of deficits of 
coordination of movement, muscle strength, and reflex in 
this transgenic animal model of ALS. To our knowledge, 
this functional improvement in motor performance is the 
most marked thus far demonstrated in this animal modei 
Whereas we cannot exclude the possibility that the other 
properties of aspirin may have contributed to the beneficial 
effect, our results using transgenic SOD mice reinforce the 
possibility that aspirin may protect frx)m neurodegenera- 
tion through antioxidant properties. 

There is a dear need for effective treatment of ALS and. 
to date, riluzole is the only therapeutic compound avail- 
able. As riluzole seems to prolong surviml in hiimans 
without affecting onset, cotreatment with a compound 
which delays onset of motor symptoms, such as aspirin, 
would be of great value. One of the aims of our work is to 
communicate to physicians the potential therapeutic use- 
fulness of aspirin, a generic, harmless, and well known 
drug, in ALS. In particular, early treatment with aspirin 
{i,e.. starting before the onset of symptoms) may be of great 
benefit in patients with a famOial form of ALS. 
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Abstract 

Glutamate-induDed exclotoxidly Is suggested to play a cmtral 
role in the dev^opment of amyotrophic lateral sderosis (ALS), 
although R is still unclear wtiether It represents a primary 
cause En the cascade leading to motor neurone death. We 
used western blottirig, Immunocytochemlstry and /n situ 
hybritfeatton to examine the expression of GLT-1 In trans- 
genic mice canying a mutated (G93A) human copper-zinc 
superoxide dismutase CTgSODI G93A), which closely mimic 
the features of ALS- We observed a progressVe decrease in 
the ImnwinoreacJlvlty of the gUal glutamate transpofter (GLT-1) 
In the ventral, but no4 in tt» dorsal, horn of lumtiar splnai cor± 
This effect was spetdflcaDy found In 14- and 1 &-week-oId mice 
that had motor funcBon impairment, motor neurone toss and 
reacdve asbocytosls. No changes in GLT-1 ware observed at 
8 weeks of age, before the appearance of dinlcal symptoms. 



Decreases in GLT-1 were accompanied by Increased gllai 
fibrillary ackJfc protein (QFAP) levels and no change in the 
levels of GL^ST. another glial glutamate tnansporter. The 
glutamate ooncentratlon in the cerebrosplnai fluid (CSF) of 
TgSODI G93A mice was not modified at any of the time 
points examined, compared with age-matehed controls. 
These findings Indicate that the loss of GLT-1 protein *fln ALS 
mice selectiv^y occurs in the areas affected by nsurodegen- 
eration and reacHvB astrocylosls and ft is not associated with 
increases of glutamate levels in CSF. TTie tack of changes 
in GLT-1 at the presymptomatic stage suggests "that glial 
glutamate transporter reduction Is not a primary event leadlrig 
to motor neurone loss. 

Keyvrords: exdtotoxfclty, glial flbrilaTy acltSc protein, motor 
neurones, superoxide dtsmutase-1 . 
J, Neurochem. (2001) 79, 737-746. 



Among the different hypdiheBes proposed so fax for the 
aetiology of amyotrophic lateral sclerosis (ALS, motor 
neurone disease), glutamate-mediated excitotojocity is pro- 
posed to play a major role in motor nenrone degeneration 
(Shaw and Ince 1997). Abnonnalities of glutamate meta- 
bolism, includ&ng increased glutamate concentrations in 
plasma and cerd>ro^al flmd (CSF), have been documented 
in patients witii the disease (Rothstein et at 1990), although 
conlroversial results have been reported in fiiis respect 
(Peiry et al 1990). More recently a selective loss of the 
major glutamate re-uptake transporter protein (EAAT2), was 
found in affected regions of the CNS of ALS patients 
(Rotfastdn et al 1995). Decreased glutamate re-uptalce into 
glial cells and/or neurones may result in increased extra- 
cellular glutamate levds that could allow excessive 
stimulation of glutamate receptors on motor neurones and 
ttjcrefore cxcilotoxic cell deaitu 



However; at present, it is unknown whether alterations in 
the glutamate transporter and/or increase in the extracellular 
glutamate levels might be the initial mechanism which leads 
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to motor nenrone damage or if these changes are secondary 
to cbH death. These issues cannot easily be addressed from 
human studies, since examination in the CNS from ALS 
patients is generally done at tiie tenmnal stages of the 
disease when massive motor neurone loss has already 
occmred. Transonic mice overe)q)resBing mutations of 
cofiper-zinc superoxide dismutase (SODl) have been gener- 
ated, and provide reliahJe model to investigatB the mechan- 
isms underl>ing motor neurone dcgcner^on. TTiese animals 
develop progressive limb paralyds associated with spinal 
motor neurone degeneration, eventually leadhag to death 
(Gumey et al. 1994; Bruijn et al 1997). It has been shown 
that the mutant SODl protein inactivates the GLT-1 in 
oocytes upon intra- or extracellular administration of H2O2 
(Trolli et al 1999). Thus, sta&cs m mouse models of ALS at 
different stages of the disease progressbn could be used to 
determine whether alterations in glutamate transporter 
activity precede motor nennme degeneration. 

Western blotting analysis of the total spuial cord extracts 
of transgeinc mice carrying a GS5R mutation of SODl 
suggested a decrease of the main glial glutamate tran^orter. 
EAAT-2 (also Icnown in rodents as GLT-1), at die end stage 
of the disease (Bruijn et al. 1997). Howevei; no quantitative 
analysis vras proivided in that study, and the stndy was not 
able to detemune whether the decrease in GLT-1 occurred 
prior to the onset of the motor neurone pathology or after the 
disease was fiiUy developed. FurttiermarB, no anatomical 
inframation was provided as to whether changes in glial 
glutamate tran^iorters occurred in (he more vulnerable 
regions such as die ventral horn of spinal cord. Studies oai a 
different transgenic strain carrying a G93A mutation of 
SODl have shown decreased ghitamate ii^take into synapto- 
somes at the end stages of the disease (Canton et oL 1998), 
but since these studies examined neuronal uptal^ it is not 
dear whether they also reflect altwatirais in glial glutamate 
tranqiorter levels. 

In order to determine wheflier glutamate abnonnalities 
occur prior to or after die onset of the neuropafliological 
features of ALS, we have used transgenic C57BU6 
mice expressing the human SODl with G93A mutation 
(TgOTDl G93A). These mice show some moiphdlogica] 
alterations of the motor neurones at 8 weeks of age, witti an 
onset of motor symptoms and a significant motw newone 
loss starting at 12-14 weeks and progressing to the end- 
stage symptoms of the disease at about 18-20 wedcs 
(NCgheli et al 1999). The time-course of these symptoms 
differs fiom ottwr transgenic strains, including TgSODlGSSR- 
We have used these TgSODl G93A mice to examine, at die 
different stages of the progression of the disease, the levels 
of ghitamate in the plasma and CSF in festing animals. We 
have also determined the relative levels of EAAT-2 and its 
mRNA in spinal cord using immunocytochennstry, in situ 
hybridisation and western blotting, con^aiing the level to 
glial ceB markers. GFAP or EAAT-l(GLASr). 



Materials and methods 
Materials 

All roaterials were obtained firom Sigma (Poole, UK) or Mcrdc 
(Poole, UK) unless otberwise stated. 

Aidmal model 

TranEgenic mice originally olstalnBd from Jackson Laboratories and 
expressing hi^ copy nuniber of mutant huinan SODl With a Gly 93' 
Ala substitution CTgSODl G93A) were tied and roatitained on a 
CS7BL/6 mice snain at the Consoizio Mario Negri Sud, S. Maria 
^baro (CH), fialy. Identification of transgenic mice was made by 
PCR (Rosen et al 1993). The mice were mmntained al a 
temperature of 21 ± l"C with reOativo humidity 55 ± 10% and 
12 h of light Fotxl (standard pdlets) and water were supplied 
ad Ubimm. For the present study, female mice were killed at 8-10, 
14 and 19 weeks of age carresponding, respectively, to a pic- 
syntomaiic, symptomatic and late stage of the progressiQn of the 
motor dysfimcdon (see below). Non-transgcaic ago-roatcied 
littermaies weic used as conools. Procedures involving aiumals 
and their care were conducted in cwifomrity with the insdtutional 
guidelines diat are in compliance with national (DX. no. 116, G.U. 
suppl. 40. Feb. 18, 1992, CSrcolare No. & , G.U., 14 lugUo 1994) 
and international laws and policies (EEC Council Diiecdye 86/509, 
OJ L 358, 1 DECI2, 1987: NIH Guide for the Can and Use of 
LeAoraiory Animals, US National Research Cotrndl, 1996). 

Gfattamate detennhietlon tn plasma and CSF 
The mice were killed by decapitation after ovemigK fasting and the 
blood samples were collected in bepaiinsed tubes and diluted 1 : 1 
with 0.5% sodium dodecyl sulphate (SDS) soludon. incubated for 
10 rain al room lemperature (20 ± 5°C) and mixed I : 1^5 with 
10% sulfosalicyKc arid soluiicm (v/v). Sanqilcs were vigorously 
mixed and centiifliged. Amino add analysis was done on SO-p-L 
supernatant factions using a high performance amino acid analyser 
(AA Modd 6300, Bedmian Bistnnmait Inc. Palo Alto, CA, USA), 
as previously described (Mcnnini et al 1998). CSF samples were 
collected from the ristema magna in Equi&esin anaestbetized 
mice, after overnight fasting, using a glass microc^illaiy. Samples 
were rapidly fiozen on diy ice. Glutamate was dcrivatized by 
mixing the samples wifli ordio-phflialdialdehyde/p-merc^to- 
etiiand (1 : 1). After 60 s reaction time the samples were injected 
onto die column. Peaks were detected using a WATER 470 
fluorescence detector and quantified with a Spectra-Ehysics mte- 
grator. Data on glutamate levels in plasma and CSF were analysed 
by one-way anova followed by TiUcey's test for comparison 
between groups. 

Western blot analyses of GLT-1 and GLAST 
IvCce (seven controls, seven TgSODI G93A mice at 10 wedcs and 
six TgSODl G93A mice at 19 weeks) were killed by cervical 
dislocation and spinal cords removed and rapidly fitozerL Samples 
of whole mouse spinal cord ftom control and transgenic animals 
were homogenised in proton lysis buffer (SOniM Tiis-HQ, 
pH 7-5, 150 mM NaCl, 2 mM EDTA, 2 mM EGTA, 0.5 mM phenyl 
methylsulfbnylflooride, 10 jigtaL lenpqitin, 10 ftgAnL sntipain, 
1 n-sfmL pcpstatin, I figAnL apmtinin, 1 mM Na3V04, 50 mM 
NaF). Samples were ccntriftiged at 300 g at 4''C for 5 min to 
remove cell debris and then centrifuged at 35 000 g to obtain 
cytosol and membrane feactiwis. Protein assays were carried out 



O 2001 IntemalieiiaJ Sodety for Neurodieinistry, JoumeJ ef Neurockemistry, 79, 737-^746 



GLT-1 reduced io tbe spinal cord of SODl G93A mice 739 



using ttie Bioquant reagent Membrane (for GLT-1 or GLAST) or 
cytoEOlic (for actin) protdn samples (20 jig) wmb mixed 4 : 1 witli 
hoaing buffer (50 mM Tiis, pH 73. 2% SDS. .5% p-mereap*»- 
rthand, 10% glycerol, 0.005% bromophenol blue) and heated to 
95°C for 5 min. Samples were separated by electropborcsds on 
deaaturing polyacrylanide gels [8%, aaylamide: bis acrylamide 
(29 : 1), containing 0.1% SDS], and then elcctroblottcd onto 
Ed. Nitrocellulose, membranes (AmcrshMn PliMmacia Biotedh, 
Little Caialftmt, UK). Blots weie incubated in 4% skimmed milk 
powder in TBS (20raM 'Ws-HCL, 05 M NaCl, pH7J) fi>r 
30 min. washed twice ibr 5 min in TBS contaiiiing 0.05% 
Tweeii-20 CTTBS). Blots were tben incobated overnight in TTBS 
containing antiseia raised in rabbits against GLT-1 (aB12, 
1 : 5000) or GLAST (aA522, 1 : 5000). Both antisera were a 
kind gift of Dr N. Danbolt (Lehre et al 1995). As a control, moose 
anti-actiii antibody was used (JLA20, 1 : 1000). Tbe monoclonal 
antibody devetopal by 3. J. On (Lin 1981) was obtained from the 
Devdopmental Studies Hybridoma Bank developed under the 
auspices of the NICHD and maintained by tJie Univefrity of 
Iowa (Department of Biological Sciences, Iowa City, lA, USA). 
Membranes were washed toee times in TTBS and then incobated 
for 4 h in peroxidase-coajngated goat anti-rabbit IgG C^ackson 
LnmmmResearch, West Grove, PA, USA) diluted 1 : 5000 in 
TTBS or peroxidaso-conjugated goat anti-mouse IgO (Vector 
Laboratories, Petetborough, UK). Membranes woe washed three 
times in TTBS, and proteins detected using the ECL plus detection 
system (Amersham Fbannaeia BioiechX accndii^ to the manu- 
^cturer's instractions. Membranes were eatposed m films, i»4iicfa 
were scanned and tbe band densities obtained u^g Bio Image 
lutelligMit Quantifier (BX Systems, Ann Arbor, ML USA). Data 
were analysed nsing one-w^ anova with Tukey 's post hoc tests as 
i^propnaOe. 

ImmmiohislochemistTy 

Mice (tbree controls for each age group, five TgSODl G93 A mice 
at 8 or 18 weeks and three TgSCDl Ct93A mice at 14 weeks) woe 
anaesthetized with Eqiridiesis (1% phenobad)iU}]M-% (v/v) cdilaial 
hydrate, 30 fiL/lO g, i.p.) and tcanscardially perfused with 20 mL 
saline followed by 50-mL 4% paiafbmoaldchyde in phosphate- 
burred saline (PBS). Spinal cords wera rqiidly lemcved, post-fixed 
in fixative for 2 h, trHnsfecred to 20% sucrose iu PBS ovemig|ht, 
then in 30% sucrost/FBS and finally frozen m 2-metbylbulaDe at 
- 45*C. Sections (30 (un) were cut on a cryostat at — 20I*C throug^j 
the lumbar spinal cord in tbe transverse plane at the L3-4 leveL 
Sections from each age group were processed at the same time 
using multiwell plates. 

The sections were incubated in 10% iMnmal goat serum in PBS 
for 1 h and kept overnight in the freshly piqiared solntion etm- 
taining antibodies of GLT-1 (guinea pig polyclonal, 1 : 5000, 
Cbemicon Litemational, Temecula, CA, USA) or gjial fibrillary 
acidic prottiD (GFAP mouse monodonal, 1 : 250, Boehrii^gber 
Maniiheim). The nott day. after washing" in PBS, sections were 
incubated with biotiD-conjugatcd secondary antibody for 1 h, 
washed and incubated in avidin-biotin— peroxidase (Vet^astain 
kit. Vector Laboratodes). Afta- reacting with 3'-3-diaminobenzidinB 
tctralopdrocbloridc sections were washed, moonted on poly lysine- 
coated slides, dried, dehydrated through graded alcohols, ^ed In 
xylene and coversl^Bd iisdng DFX mountant (BDH. Poole, UK) 
before li£^t micrctscopic analysis. Control sections whb incubated 



without the primaiy antibody. Tbe optical densiQf of GLT-1 
immunostaining in the ventral and dorsal hom of lumbar spinal 
cord sections was measured rdative to tbe medial dorsal vrfiite 
matter background of individual sections using an image analyser 
Imaging System KS300 (Zeiss-Kontron, Monchen. Geamany). 
Optical density was measured within a linear range as determined 
by increasing dilution of the primary antibody. Ventral hom 
incluiied the laminae Vn, VIH and DC, and dorsal hom included the 
larmnae 1,11 and m of the grey matter at tiie L3-L4 level of spinal 
cord. The optica] densities of two sections were quantified few each 
animal and the mean value of these detcnninalions was osed as 
individual data for statistical analyns by a>40Va one way followed 
by Tukey's test 

Xn Htu hybridization of GLT-1 mRNA 

A rat GLT-1 cDNA fragment was prepared by PGR using standard 
methods (Molloy et aL 1998). A 327-bp fragment corresponding to 
bases 1310-1636 of the rat sequence (Pines et aL 1992) vras 
amplified using specific ptimers (PS. AGCCCTTGGCAGCC 
ATCTTCATAGC; M9. ATGTCTTCOTGCATTCXXSTGTTGGG) 
and doned imo PC5t2.1 (Invitrogen, CailBbad, CA, USA). Ribo- 
probe ten^late was prepared by amphfication of the plasmid (2 ng) 
in a volume of 500 jiL with primMS [PCR(T3)-P, ACCGAGCA 
' ATTAACOCTCACTAAAGGGCCGCCACTraTGCroaAATrCG; 
PCR(M13F>-M. CGTTGTAAAACGACGGCC (AG)] that flanked 
tbe insert, and incoipoTBted a T3 and T7 site into the tetnplate. 
GLT-1 template was purified using GFX columns (Amersham 
Pharmacia Biotech. U}Q. 

Antisense and sense cKNA probes were syntiiesizsd by in viao 
transcription from linear DNA ten^lates (1 yig using, respectively, 
T7 or T3 RNA polymerase enzymes CPnsmega. Madison, WI, USA) 
in a reaction mixtcuB containing trans oriptioii buffer Ix, dithio- 
tbTMtol (DTT) 10 |iM, RNasB inhibitor 30 U (Boehringer Mann- 
hcxm, MonzB. Italy), non-labelled NTT 0J5 niM and UTP 10 fiH 
(Proroegfl) and E"S]UTP 50 mQ (Amersham Hiarmacia Biotech), 
tftiincotporated nucleotides were separated from probes using a 
Quick spin column GSO Sq}hadex (Boehringer Manobeim), then 
probes were d^raded to ISO bass fi:agments by alkaline hydrolysis. 
Fbllomng eifaanoi precipitation and denabiration (SCTC for 5 man), 
probes were diluted to 1 J x lOf* cpm/iiL with hybriffizaticHi buffer 
containing 50% fonnamide, 2 x sodium saline citrate buffer 
(SSQ, 10 mM "nis-HCl pH 7,5, Denhart's solution Ix, dextran 
sulfete 10%, 0.2% SDS, 100 vm DTT, 500 p^gAriL douWe-^trand 
Salmon Spenn DNA and 250 mgAnL yeast tRNA. 

Spinal cord sections (14 pm) of TgSODl G93A mice and 
controls at diGferent stages of disease progres^on were cut using a 
ciyostat, and mounted on poly L-ly^e-poat*^ pticraseppe slides. 
The slides were tben rapidly immersed in 4% paraformaldehyde 
freshly prepaiDd in 0.1 u PBS for 5 min, rinsed twice in PBS. 
acBtylaled in 0.25% acetic anhydiidsin 0.1 m trietiianolamiBe/0.9% 
NaCl pH 8 for 10 tnin. dehydrated through a graded series of 
etiiand and d^idaled in chloroform. Sections were dien air-dried 
and stored frozen at — l\fC tmlil the day of experiment Aithe day 
of tfie wtpeiiment, fl>e slides were bronght to room teroperatare. 
Tben the "S-radjolabdled riboprobe "was applied to each slide and 
the slides were coveislippedwitb parafihn and incubated ovemi^t 
at 42^ 

After hybridization, slides were washed in 2 x SSC at room 
tempeiature for 1 h and 2 x SSC at 6Cf C for 1 h. All slides were 



O 2001 International Sowcty f«r NeurocbemiEtry, Journal qf Neumchemistiy, 79, 737-746 



740 C Bendotti el at 



treated vrith RNase A al 3TC for 30 ima (20 p,£/niL RNase A in 
0 J M Naa, 10 IDM Tris-HQ pH 7^, 1 niM EDTA) and washed in 

0. 1% SSC at 6(fC for 1 h. All washing Bolution contained 10 mM 
p-mercaptoelhanckL Sections were dahydrated thiDogJi a graded 
series of ethanols, each containing 0.3 m anrnionimn acetate, and 
then air-dried. Slides were exposed to X-ray film (BiomiLX MR; 
Kodak. Rochester, NY. USA) for 21 days. Rims were devdoped by 
X-roy .developer, waslied. and. fixed by X-fiy. fixer Q&jdak3i.then_ 
air-dried before optical density quantification using a computerized 
image analyser KS 300 (Zeiss-Koatron). Optical densi^ was 
measnred within the linear range as determbed by using ^'S-braiu 
paste standards. For each aiumals, two spinal cord sectionfi were 
analysed and the mean of the two values was used for statistical 
analyas by one^vay anova followed by Tukey's tesu 

ResuKs 

Beha'i^oura] and bistolt^cal analysis of mice 
The transgemc strain used showed noticeable signs of 
neuromosciilar dysfunction such as limb tremors, deficit in 
t}ie hindlinibs extension reflex and initial inyafrment in 
motor behaviour starling at about 12-14 weeks of age. At 
19-20weeks,allfeeTgSODl G93A mice showed a marked 
difficulty in the pedbrmance of all motor tasks which was 
associated wifti paralysis and muscular atrophy of the hind 
limbs and they died by 142 ± 11 (SD) days. Histologically 
^y show abnonnalities in tiie motor neurones and axons, 

1. e. vacuoEzation of the cytt^lasm and mitocbondria, at 
about 8 weeks of age, befcffe the symptoms become evident 
while by 12-14 \v«eks a progressive loss of motor nem^ones 
occurs in the lumbar spinal cord amounting to 44- ± 3% and 
52 ± 2% at 12 and 18 weeks, respectively. The nunaber of 
motor neurones of 8-week-old TgSODl G93A mice was 
unchanged conipaied widi age-matched controls. 

For the present stixdy, female mice were killed at 8-10, 
14 and 18-19 vsreeks of age correspondng, tcq>ectively, to 
a presymtomatic, symptomatic and late stage of the 
progression of the motor dysfunction. Non-transgenic age- 
matched littermstes were used as controls- 

GLT-1 and GLAST hnmmoblotting 

Using western blotting to anal^e proteins in the size range 
35-100 kDa, each of the antibodies recognized a single 
band of molecnlar weight 66 kDa for GLT-1, 67 kE>a for 
GLAST and 43 kDa for actin, in line with previously 
reported data (Lehre tt al 1995; Akbar et al 1998) (Hg, 1), 
The levels of GLT-1 appeared to be decreased in transgenic 
mice, coinpared with controls whilst the levels of another 
gKal gjutamate transporter, GLAST, were relatively 
unctenged. Analysis of the data revealed that the levels of 
GLT-1 tended to be decreased compared with controls, 
either when the raw data was considered (not shown) or 
when GLT-1 levels were expressed rdative to the amotmt of 
actin ficom the same tissue (Table 1), When compared with 
level of GLAST in the same sanies (Table 1), the level of 
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Fig. 1 Representative examples of western blotting ot spinal cord 
protein extracts probed for GLT-1, QLAST and ectln. Lanes show 
samples from control tissue <C}, and transgenic mica at 10 and 19 
weeks ot age. GLT-1, GLA£T and actin band sEzes were 66 kDa, 
67 kDa and 43 Da, respectively. Decreases In GLT-1 in transgenki 
mice ere apparent, without reductions In actin or QLAST. 

GLT-1 relative to GLAST was significanfly decreased in 
transgenic mice at 19 weeks, but not 10 weeks, compared 
with contrails (Table 1). 

In view of the existence of multimeric con^lexes of 
GLT-1 and that oxidative damage, such as might occur 
duiing the development of motor neurone disease, might 
increase the presence of these con^lexes (Haugeto et al. 
1996; Trotti et al L998), sauries were analysed in more 
detail for (H.T-I protein using western blotting. Blots were 
prepared to analyse bands over a much wider size range 
CHg. 2); The results showed that as well as the prominent 
band of c. 66 kDa representing monomelic GLT-1, a larger 
molecular weight band {c. 200 kDa) was jo'esent in all die 
samples, most likely representing a irimeric complex of 
GLT-1 (Haugeto et al 1996). No bands were found at 
intennediate m61ecu)ar weights rqrresenting dimeric GLT-1. 
In addition, for some samples, a lower molecular wei^t 
"band was found (c. 45I(I>a), possibly representing a 
degradation product of GLT-1; ttie presence or absence of 
this band did not relate to the disease state. 

(Quantification of the higher molecnlar weigbt (200 kDa) 
band revealed Aat there was no increase in TgSODl G93A 
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GLTt/actin 


GLAST/actIn ' 


GLT1 /GLAST 


Controls 


1.54 ± 0.58 


1.34 ± 0.41 


1.31 ± 0.37 


G93A1[>-week'Okt 


2.14 ± 0.74 


1.22 i 0.21 


2.13 ± 0.78 


G93A19^wesk-old 


0.8B ± 0.29 


1.25 * 0.27 


0.70 ± 0,22* 



Western blotting was used to determine levels of GLT-1, GLAST and 
actin In the lumbar spinal cord from control animals (n™?), 
prosymptomatic transgenk: animals (G93A 10-week-oId. n — 7), and 
ond-etage transgenic animals (G93A 19-week-oM, n 6). Data were 
analysed by one-way anova followed by Tuka/s test, where appro- 
priate. *p < 0.05 compared wHh controls. 
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Control 10 weeks 19 weeks 




Fig. 2 Western blotting ol spinal cord protdn extects probed for 
GLT-1. Lanes show samptes from control ttssue and transgenic 
mica at 10 and 19 weeks of ago. GLT-1 Immunoreactfve bands 
were found a! g 6B kDa, correspondinB to mofwrnwrte protein and 
a 200 WJa, corresponding to a muHlmer ami a band of lower mole- 
cular weight (CL 45 kDa) In some samples. Note that levels of 
Imniunoreacavity for the B8-kDa and 200-JtDa bands were lower In 
transgenic mice compared with EonirolB. 

mice at any of the time pointB studied; in fact, the levels of 
the 200 kDa horooimiltitner were decreased slighfly in 
transgenic mice compared with control (Hg. 3), as were tiie 
levds of GLT-1 monomers. 

As the decrease in whole spinal cord GLT-1 was 
relatively small, pilot experiments of immimoblotting wmc 
done separating the dorsal and ventral region of the spinal 
cord; however, the poor reprodDcnsility of the tissue 
dissection produced high variability of the samples. There- 
fore a more detailed analysis of the change in GLT-1 was 
carried out using immunocytochemistiy and in situ hybri- 
dization, tiiat allowed anatomical' resolution of the changps 
to particular regions of flw spmal cord and to glial cells. 

GLT-1 immunoMstocheroistry 

In control mice, himbar spinal cord Uic GLT-1 immono- 
reactivity is dislr&uted difiusdy tiaroughout the grey matter 
with the highest immunoieactivity observedin the substantia 
ge^tinosa of the dorsal horn. The white matter shows a 
filamcntom pattern of strong immunostaining in the ventral 
and lateral regims of Ae spinal cord ^liile a low signal 
appears m die dorsomedial region (Hg. 4). This agrees with 
the distribution described in lie rat and human qnnal cord. 



f 1 Control 

&a TgSODI GB3 A 10 weeks 
TgSODI GaSA 19 weeks 




Fig. 3 Quantitative analysie of v/estem blots of spinal cord mrtiaets 
probed for QLT-1, analysing the IntensHfes of the 200-kDa hetero- 
multlmeric bend. Band Intensities era In arblbaiy units. The tilsto- 
grams represenl ttw mean values o* four control animals, four 
TgSODI G93A at 10 weeks and three TgSODI S93A at 19 weeks. 

where GLT-1 immunoreactivity has been reported to be 
exclusively of glial origin (Rothstein et al. 1994; firay et al, 
1998). 

CoD^iared with age-matched controls, a marked, and 
statistically significant decrease in the GLT-l immunostain- 
ing in tiie ventral horn of the spinal card is evident in the 
TgSODI G93A mice at 14 and 18 weeks of age, where 
motor inqjainnents were present Howevei; fliere was no 
reduction in GLT-1 in presyn^Jtomatic animals at 8 weeks 
of age compared with non-transgonic age-matched mice. No 
significant changes are observed in the dorsal horn of 
TgSODI G93A mice at any of the ages tested CHg- 5)- 

GLT-1 in situ hybridizatloii 

The riboprobe for GLT-1 revealed widespread distribution 
of £his mRNA thoi:^ODt the grey matter of the spinal cord 
(Fig. 6a), consistMit with the ejqpressicai of this mRNA in 
astrocytes. Analyas of data showed no change in flie levels 
of GLT-1 mRNA in either the ventral or dorsal regions of 
the spinal cord of TgSODI G93A mice compared with 
controls (Hg. 6b), 



Fig. 4 GLT-1 immunoreactivity In the 
representative s&misecUons of the lumbar 
spinal cord of mk». In non-transgenic mice. 
GLT-1 Immunostaining is* mainly dtetiibuted 
throughout tha grey matter with the highest 
signal shown at the level of the substantia 
gelaHnosa of dorsal horn. Note a gmdual 
decrease of 6LT-1 immunostaining In the 
ventral and intennedlale region ol the grey 
matter In TgSODI G33A mice at 14 and IB 
weeks of age, white the dorsal horn main- 
tains high immunostaining In TgSODI G93A 
mice at all ages compared viHth controla. 
Bar — SSO jim. 
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Tg SODl Q93A 



8 Weeks 



14Weeka 



IB weeks 
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100- 



Ventral horn Dorsal hom 




(a) 



TgSODlQ93A 



CONTROL ^ e weeks 14 weeks 18 weeks ' 



-5^ 



Fig. 5 QuanUtaflvB analyals of the GLT-1 Immunostalnlng In the 
ventral and doraat hom of tha Gplnal cord. Data am expressBd as 
pefcerA of control. The optical denaltles of two sectkms were quan- 
tffied for Bach animal (n - 3-5) and the fnean value of these detef- 
mlnatkms was used as IndMdual data for statlstlcBl analysis by 
onemray amwa foljovred t>y Tuke/s test. *p < 0.05; -p < 0.01 corn- 
paced wflh controfs (C; Tuke/s teel). 

6FAP innnmialnstochciiiistry 

In the lumbar spina] cwd of cantrol mice, the GFAP 
immunostaining shows a scattered distribution in £he grey 
matter^ whereas in the white matter it appears in a flla- 
mentous patteitL (Rg- 7). At hi^ magnification, tlic 
astrocytes appear with the charactEiistic stellar shape with 
a tiny ceD body surrounded by branched thin processes 
(Rg. 7a).InTgSODl G93Aimce, a progressive increase of 
GFAP immundabeDing occm^ &om 8 weeks of age; at the 
advanced stages (14 and 18 weeks) several astroc^s also 
show a remarkable hypertrophy of the cell bodies and 
processes mainly in the ventral region of the spinal cord 
(Rgs 7b-d). 

GlutEtmate levels in CSF and plasma 
The mean levels of glutamate in plasma or CSF fimm 
all controls were, respectively. 113.2 ± 13 J and 
6J2, ± 0.9 nmolAnL (mean ± SaSM). We observed no 
significant changes in the CSF glutamaie concentrations of 
TgSODl G93A mice at 14 and 18 weeks of age in reqjcctto 
age-matdied control tioice (Hg- 8), No significant dififer- 
ences were also obs^ved in the plasma levels of glutamalQs 
in TgSODl G93A mice at 8 and 14 weeks con5>ared with 
agc^matched owitrols. whereas at 18 weeks the levels were 
significanfly lower (Hg. 8). 

Discussion 

In this study we have carried out a detailed charaderizaiion 
of the timc-oourse of changes in ghitamate. and the main 
glutamate transporter protein GLT-1 (EAAT-2), in SODl 
G93 A transgenic mice. We have focussed on tiic spinal cord, 
where the main loss of motor neurones is found. Our 
findmgs reveal that there axe changes in glial cell maricers: 
the glutamate transporter GLT-1 is decreased, the glial 




C 8w 14w 18w 
TgSODl GS3A 



C Bw 14w IBw 
TgSODl Q93A 



Fig. 6 (a) 6LT-1 mRhJA in spinal cord detemnlned tiy in sihj hytnid- 
Izaaon. GLT-1 mRNA is found throughout the spinal cord, mainly tn 
the grey matter. There are no clear differences between control and 
tiansgerjc antmala. (b) OuanfflativB analysts of GLT-1 mRNA In the 
ventral and dorse] hom of tha spinal oord. Data are expressed as 
percent of control. The optical denslttea of two sections were quanti- 
fied for each animal and the mean value ot these detemiinalJons 
was used as individual data for stalisticaJ analysle by anova one way 
foltowed by Tukey'e test. 

cytoskektel roaricer, GFAP, is increased and GLAST is 
unchanged. The decrease in glutamate transporter levels do 
not result in a measurable change in CSF glutamate level 
The biggest changes are in the most vulnerable regjons of 
spinal cord, and are found at end stages of the disease. 

Time course and regfenal selectivity of GLT-1 reduction 
The present study reveals that levels of the protein 
GLT-1 (EAAT-2), but not its mRNA. are significanfly 
decreased in the ventral grey re^on of lumbar spinal cord of 
TgSODl G93A mice at the advanced, but not at the 
presynptomatic, stage of the disease. Using immunocyto- 
chemistry and western blotting, we fotmd changes in GLT-1 
in transgenic animals in the whole spinal cord at 19 weeks, 
and cliangcsin GLT-1 in the ventral hom of the spinal cord 
at 14 and 18 weeks. At these time points, there is marked 
motor neurone death and dear symptoms of the disease. 
These results are consistent with previous observations on a 
similar transgenic strain, which showed that synaptosomal 
glutamate uptake was not decreased between 8 and 17 
weeks in transgenic mice, but was significantly reduced at 
21 weeks (Canton et al 1998). TTie present results suggest 
that alterations in glial expression of glutamate transporter 
expression occurs hxA only at tfie late stages of the disease. 
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Fig. 7 GFAP immunoreacavlty In tho lum- 
bar spind Dord of mice. In non-transgenk; 
mice, QFAP Immunostalnlng Is scattered 
distributed In the grey matter with a fDamen- 
touB pattern in tie whHe matter. In (a-d) 
mts a Bradual Increase cS the GFAP tmmu- 
nostaJnlrw In the whole scctton of the spinal 
cord In TgSODI G9aA mtoe at the different 
ages with a prorrinerrt Increase In the grey 
matter of 14- and 1 B-week-o(d mice, 
(alMJl) High inagnificatton of the astro- 
cytes from the ventral horn region shows in 
control mice a charactads&c stellar sh^a 
yAVtt a tiny cell body surrounded by 
branched thin processes (arrows), whereas 
In TgSODI G93A mice, the astrocytes 
appearsd mora tniensely stained with 
hypertrophic cell botSes end piocesses, 
paitailarly In IS-week-old mice. Bar - 
250 urn (a-d) and SO lun (a1-b1). 



corrmoL 



8 weeks 



Tg SOP1 C393A 
14 weeks 



ISweeks 




At 8 weeks of age these transgpnic mice do not show 
motor BcnroBe loss or cGnical symptoms although morpho- 
logical alterations of motor nemones are apparent, for 
example wide^iread vacudlizaSjon of cytopJasm and swelling 
of mitodiondria (Nfi^eli cf aL 1999; Bendotti et al 2001). 
As reported here, initial signs of reactive astrocytosis, as 
denaonstrated by enhanced immrmolabelling for GFAP, are 
also found at this age. Tlierefore, the present results suggest 
ttjat the early stage of motor neurone damage in 
TgSODI G93A mice is not associated \wth chan^ in 
GLT-1 protein levds. 

Increasing evidence indicates that glutamate tranGporters, 
and in particular GLT-1, are vulnerable to the oxidation 
resulting in an impaired glutamate uptake function (Trotti 



Piasnria CSF 




C 8w 14w iBw C 14w 18w 

TgSODI G93A TgSObl G93A 

Rg. 8 Qlutarrtate In CSF and piasma fnwn transgenic mice. Con- 
centrations of glutamate In plasma and cerebrospinal fluid (CSF) 
from TgSODI GS3A mice at dHferent ages compared with controls 
(C; white bars). Values are expressed in percent of age-matched 
non-transgenic controls. Each bar r^resents the mean ± SE. 
•p < 0.05 compared wHh respective controls (one-way anov^. 



et aL 1998). In particular, it has been shown tiiat the mutant 
SODl protein inactivates the GLT-1 in oocytes upon intra- 
or extracellular adnunistration of H2O2 (Ttotti et aL 1999). 
Thus, although our study demonstrales that the level of 
GLT-1 is unchangpd in the lumbar spinal cord of young 
tran^enic mice, we cannot exclude that the activity of flais 
tran^KMter is already conqiromiscd at this age. This may 
play a role in the initial process of motor neuronal dealh by 
mediating an increase in extracellular glutamate concentra- 
tion. Interesting^, recent studies (Alexander et al. 2(K>0; 
Andreassen et al 2001) showed, by intracerebral micro- 
dialysis, an increase of extracellular fluid glutamate in 
somatosensory cortex of TgSODI G93A mice, at the 
advanced stage of the disease, without visible pathology in 
this brain region. Ihis effect was magnified by the perfusion 
with a ghitanoate uptake inhibitor or by the NMDA 
gliAamate receptor stimulation, whereas it was significandy 
attenuated by creatine treatment which also increased 
survival and motor performance of TgSODI G93A mice 
(Andreassen et al. 2001). This effect was interpreted as a 
decreased capacity to clear glutamate from the extracelltilar 
space although the cortical GLT-1 levels measured by 
immunoblotting appeared unchangpd (Alexander et aL 
2000). It has been reported that oxidative conditions may 
induce the formatiDn of GLT-1 honaomultimers, dius 
reducing the amount of monomer revealed by immuno- 
blotting (HaugetD et aL 1996), and evidence suggests that 
oligomeric structure of GLT-1 is required for tran^Kjrt 
activity. Although there is substantial evidence for oxidative 
damage in transgenic mice with G93A SODl mutation 
(Andrus et al. 1998), we did not observe an increase but 
rather a slight decrease in the homomultimBric form in these 
mice at the advanced stage of the disease. This indicates ttiat 
oxidative damage which might lead to 1he inactivation of 
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GLT-1 in TgSODl G93A nrice at the early stage, miglit, in 
the long-term, reduce the transporter levels. 

Oiir study demonstrates that the decrease of GLT-1 
specificaDy occurs in the regions affected by tiie pathology 
smce no significant changes in immunoreactivity were 
observed in the dorsal horn of the spinal cord where there is 
no ncuroaal degeneration. Our results are in line with those 
obtained from pbst-iiiorf&m tissuesf df patients with ^oradic 
and familial ALS showing a selective decrease of GLT-1 in 
spinal cord and motor cortex but not in other unaffected 
brain regions (Rothstein et al 1995). More recently. Fray 
et al. CI 998) using quantitative EAA12 immunohisto- 
chemistry, have shown a decrease in all regions of the 
lumbar spinal cords from motor neurone disease patients, 
althau£^ the highest reduction was observed at the level of 
the ventral horn and intermediate grey, the most affected 
areas. Moreover, as foimd in ALS patients (Bristol and 
Rothstein 1996), wc have not found changes in the levels of 
mRNA of GLT-1 in the lumbar spmal cord of SODl G93A 
at any stage of the disease. Thus, these results suggest that 
the decrease of GLT-1 is due to a post-transcriptional 
regulatian of this protein. 

Alteratkms in GLT-1 compared with otter glial proteins, 
(HACTai>dGFAP 

The changes in GLT-1 seem to be specificalty associated 
with disease progressicn, coiiq>ared with the other glutamate 
transporter studied. We observed by quantitative imnnmo- 
blotdng a decrease of the GLT-1 but not GLACT in the 
lumbar spinal cord extract of SODl G93A mice during the 
progiesaan of the disease, suggesting a differential regula- 
tion of these two glial glutaimatB transporters under these 
palfaolpgica] conditions. Since it has been reported that 
tiie expression of glutamate transporter sub^^s in astro- 
cytes is unt^ neuronal regulation (Gegelashvili et at 1997; 
Swansona/ nL 1997; Perego et al. 2000), we suggest that&e 
decrease in GLT-1 observed in the tran^enic FALS mice, 
as well as in the post-mortem tissue of patients with ALS, 
results from a loss of neuronal factors regulating the 
expression of this glial glutamate transportM- in the vulner- 
able re^oiK. The fact that (HAST was not changed 
suggests that these two glial transporters in tlie spinal cord 
may be regulated diffeiently by neuronal factors. TWs i? in 
line with stndies in cultures of cortical astrocytes that 
showed that die expression of GLT-1 is much more 
dependent on neuronal fectors and intact neurones compared 
with GLAST (Gegelashvili et al 1997). 

The loss of GLT-1 occurred in the spinal cord of motor 
inapaired mice in the presence of strongly activated 
astrocytes in ihis region as demonstrated by their hyper- 
trophy and increased immunostaining of GFAP. Hiis agrees 
with a previous study of Mennini et al (1998) showing, by 
immunoHotting, a significant decrease of GLT-1 associaled 
with an increase in GFAP in the spinal cord of mnd mice, a 



strain which develops neuronal ceroM lipofuscinosis wi(h a 
late-onset paralysis of hind limbs (Bronson et al 1993). 
MOTCovcr, a down-regulation of GLT-1 together with an 
increase in GFAP was reported in rat brain following lesion 
of corticostiiatal pathway (Levy et al 1995). Ibis suggests 
that hypertroplBc astrocytes show an altered fimctional 
activity which may induce a down-regulation of Ac GLT-1, 
but not GLAST, glutamate transporter. 

Glutamate transporters and CSF gintamate levels 
In this study, we did not find any increase in the levels of 
gilutaroate in the CSF of transgenic mice. Our findings differ 
fcom observations in ALS patients which showed increased 
CSF levels cC glutamate (Rothstein et al 1990). Never- 
tiieless, controversial evidence exi^ in this respect (Paiy 
et al 1990). 

CSF concentration of glutamate reflects multiple pro- 
cesses including release and uptake, as well as glutamate 
metaboBsm. In this regard, decreased activity of glutamate 
dehydrogenase (GDH), an enzyme playing a central role in 
glutamate metabolism, has been suggested to be responsible 
of the increased levels of glutamate in the CSF and plasma of 
ALS patients (Plaitakis 1990), alttough a down-regtdation 
of EAAT2 may also contribute to this effect TTie lack of 
increase in ttie levels of gintamate in the CSF and plasma of 
transgenic mice therefore suggests that the GLT- 1 reduction 
observed in the ventral spinal cord of these mice does net 
significantly modify the total pool of extracellular gluta- 
mate. We cannot exclude the possibility that an in^ease in 
the extracellular concentration of this amino acid, with 
functional rdevanceforthc neurodegenerative process, may 
occur in the vicinity of motor neurones in the ventral spinal 
cord of TgSODl G93A mice as consequence of GLT-1 
reduction. 

The decreKe in plasma gjutamate levels observed at the 
late stage of the disease is likely to be consequent to muscle 
loss in these mice reducii^ the pool of metaboBc glutamate. 
A similar decrease in plasma ghitamate levels has been 
found in mnd mice at the advanced stage of the disease, 
altfioug^i at the stage preceding the onset of neuromuscular 
deficit they showed increased plasnia concentration of 
glutamate (Mennini et al 1998). 



Cpmlusion 

In conclusion, this study dearly demonstrates a sckctive 
GLT-1 decrease in the spinal cord of TgSODl G93A mice 
which is likely due to a loss of neuronal factors following 
motOB- neurone death and/or to a sustained long-lasting 
oxidative damage of the protein. This effect therefore is not 
a primary event leacEng to motor neurone degeneration but 
may contribute to the rapid progression of the disease at the 
advanced stage. 



O 2001 International Society for Neurochcmistiy. Jounml of Neurochemstty, 19, 737-746 



Acknowledgements 

We would like to thank Dr Ada DeLuigi for collecting the 
ccFcbro^inal fluid ean^les &om the cistcma magna of mice 
and Dr Helcnc Miorali for help in the immunohistochemical 
experiments. This work was supported by Telethon n. 1004 and 
11S9» by ICS 030.9/RF98^7£nint and by the Motor Neurone 
Disease Association (UK). 



References 

Atbar M. T.. Rattray M., WiHianiB R. J., dtmg N. W. S. and Meldnim 
B. S. (1998) RcdBction of GABA and glutaniate transporter 
mcstenger RKAs in Ihc severe-seizure geneticany epaepsy-prone 
rat, ffeumselence S5, 1235-1251. 

Alexander G. ML, Deitch 3. S., Secburger J. Dd Vallc L. and 
Heiman-P&tterson T. D. (2000) Elevated cortical extmcellalar 
jluid ghttunate in transgnuc raice expressing human motsjit 
(G93A) Oi/^ snperaxide dismiitase. /. NeuTOchem. 74. 1666-1673. 

Andrcasscn 0. A, Jenkfiins B. Dcdeaglu A-, Berrante K. L., 
Bogdanov M. B, K4ddurah4>aoiik R. and FSnt-Beal M. (2001) 
Inaeases in coftical elntaioate coDccntradoiu in tianssemc 
amyotnipliic lateml sclerosis mice are attenuated by creadne 
snpptementation. J. Neurochem. 77, 383-390- 

Andrtis P. K.. Fleck T. J., Gomey M. E. and Hall E. D. (1998) Protein 
oudative damage in a tronssemc mousQ woAtl of fiamiltal 
amyotrt^Hc lateral sclerosis. J. Ntuwchem. 71» 2041-2048. 

Bcndotli C CaWaresi N., Chivcri L., Prcllc A, Moggio ht, Braga M., 
Silani V. and De Biasi S. (2001) Early vacuoliz&don and nntcH 
cbandrisl dansage in motcu nearons of PALS imce are not 
associaled -wisit apoptosls or with changes in cytochroine oxidase 
hirtocbanical reactivity. J. Neurol Sci, 191, 25-33. 

Bnfiol L. A. and Rothstein J. D. (1996) Glutamate transporter gene 
expressiOD in amyotiDphic lateral sclerosis motor co rt e x. Ann. 
NeuToL 39. 576-^79. 

Bronson R. T., Lake B. D.. Cook &, Taylor S. and Da^nsson M. T. 
(1993) Motfn- neuron degeneratioii of mice is a model of neuronal 
ceroid Iqwfiisciiuisii ^atten*s disease). Am. NeujoL 33, 381— 3SS. 

Bniijn L. L, Bccher M. Lee M. K., Anderson K. L., Jenldns N. A.. 
Copeland N. G., Sisodia S. S., Rotbstein J. D., Borcbelt D. R.. 
Pries D. L and Qevdand D. W. (1997) ALS-lbiked SODl mutant 
G85R mediates damage to astrocytes and promotes r^idly 
[Kogressive disease with SODl-containing indnsuui. Nemrm 18, 
327-338. 

Canton T., Pratt J., Stutxtnaan J.-M.. Imperalo A. and Boireau A. (1998) 
Glutamate uptake Is decreased taidively in the spinal cord of 
PALS mice. Nearureport 9, 775-778. 

Fray A. R. Ircc P. G., Banner S. Milton L D.. U*er P. A.. Cookson 
M R, and Shaw P- h (1998) The expression of the glial glutamate 
tnmsportsr protdn EAAT2 in motor neuron di s ea s e : an inununo- 
Wstocbemical study. Eur. J. NeuroscL 10. 2481-2489. 

Gegelasbvili G., Danbolt N. C and Schousboe A. (1997) Nenranal 
soluble ^tors dfferentially regulate the expression of thA GLTl 
and GLAST ^utamate trasnpoiteis in cultured astroglia. 
J, Nauvchan. 69, 2612-2615. 

Gumey M. Pu H., Chiu A. Y., Dal Canto M. C Polchow C Y., 
Alexander D. D.. Caliendo J.. Hentati A., Kwon Y. W.. Deng 
H. X., Chen W,. Zbsi P.. Safit R. L. and Siddique T. (1 994) Motor 
neuFCHi degenetation in mice that express a bcman Cu/Zn 
superoxide dismutase. Science 264, 1772-1775. 

Hangeto O., UUensvang IC» Levy L. M, Cbaudhry A., Honor£ T., 
Nielsen M-. Lchre X. and Danbojt N. C (1996) Brain glmamate 



GLT-1 reduced in the spinal coid of SODl G93A mice 745 



transporter proteins form homomultimeis. J. Biol Cltaa. 271, 
27715-27722. 

LebtE K. P., Levy L. M.. Ottcrecn O. P., Stom-Mathisen J. and Danbolt 
N. C (1995) Diflerential expressiDn of two glial glutamate 
tcansporten in the rat brain: quantttative and irmnonocyto- 
cbemical observations. J. Neurosci. 15, 1835-1S53. 

Levy L. M., Lehre K. P., Walaas S. I., DanboU N. C and Stoctn- 
Mathisen J. (1995) Down-regulation of glia] ghjtanuits trans- 
. . portm aStsr glutaroatere^c denervation In the rat brain. Euk-J, 
Neuwscl 7, 2036-2041. 

Lin J. J. (1981) Monodona] andbodies against myofibiiUar components 
of rat skeletal nouscle decorate the intermediate filaments of 
cultured ceDs. Proc. Naft Acad. Sci. USA 78, 2335-2339. 

Mennlnl T., Bastone A., Crcspl D., Comoiletij D. and Manzoni C. (1998) 
Spnal cord GLT~1 glutamate transpoiter and blood glutamic acid 
alterations In motor neuron degeneration (mnd) mice. J. Neuml 
ScL 157, 31-36. 

NG^ieli A., Atzori CL, Piva R.. Tortarolo M., GirclK M., Sdnffer D. and 
Bcndotti C. (1999) Lack of E^wptons in mice with ALS. Netture 
Med. 5, 966-967. 

MoHoy G. Y., Rattray M, and Williams R. I. (1998) Multiple pbo^bo- 
Hpase A2 genes are exprtssed in brtfn. Naavscl LetL 25B, 139- 142. 

Perego C. Vanoni C, Bossl M., Massaii S., Basudev H., Longhi R- 
and Pietrini O. (2000) The GLT-1 and GLAST glutamate 
transorters ate exinessed on morpbologtcaSy distinct astroqrtes 
and Tegula;ted by neurona] aetivi^ in primary bippocampa] co- 
cultures. J. Neumchem. 75, 1076-1084. 

Peny T. U, Kjieger C, Hansen S. and Eisea A. (1990) Amyotn^c 
lateral sclerosis anuno scid levels in plasma and ceielnmqiinal 
flmd. Ann. Neurol 28, 12-17. 

Pmes G, Danboli N. C BjSr&s M.. Zhang Y.. Bendahan A., Bide L., 
KocpscD H., Storm-Mathisen J., Sedmrg E. and Kanner B. I. 

(1992) Clonmg and expressicm of a rat bntin L-glctamale 
transporter. Nmtn 360, 464-467. 

Plaitakis A. (1990) Glutamate dysfunction and selective motor neuron 
degeneration in ainyotrophic lateral sclertisis: a hypothesis. Ann. 
NeuTol 28, 3-8. 

Rosen D. R., Siddique T., Pattcsson D., Kgjewicz D. A., Sapp P., 
Hentali A,, Donaldson D.. Gt«o J.. O'Regan J. P., Deng HJC, 
Rahamani Z., Krizus A.. McKenna-Yasek D., C^byah A.. Gaston 
S, M., Berger R.. Tanzi T. E.. Halperin J. J., Herfeldt B., Van den 
Bergb R.. Hnng W. Y., Bird T., Deng G., Mulder D. W.. Smytii 
C LAing N. C Soriano E., Pericak-Vance M. A., Hmncs J., 
Rouleau G. A., Oasella I. S.^ Horritz H. R. and Brown R. H. 

(1993) Mutations in Co^ superoxide dismutase gene are 
associated with fiirallial amyotropMc lateral sdcrosls. Naturt 
362. 59-62. 

Rothsttin J. D., Tsai G., Kund R. W.. Clawson L.. Comblaib D. R-, 
Diadiman D. B, Pestronk A., Stanch B. L. and Coyle J. T. (1990) 
Abnormal exdtatoty amino acid metabolism in amyotrophic 
later^ sclerptds, Am- NeuroL 28, 18-25. 

Rothstein J. D, Martin L., Levey A. L. Dykes-Hobcjg M.. ^n L., Wu 
D.. Nash N. and Kuncl R. W. (1994) LocaHzatiDn of neuronal and 
glial ghitamaie transporters. Neuron 13, 713-725. 

Rothstein J. D., Van Kammen M., Lev^ A. L. Martin L. 1. and 
Kund R. W. (1995) Selective loss of glial glutamate trans- 
porter GLT-1 in amyotrophic kteral scleroGis. Aha Neuiol 38, 
73-84. 

Sbaw P. J. and Ince P. G. (1997) Glutamate, exdtotoxicity and 
amyotrttpbic lateral sclerosis. J. NeuroL 244, S3-S14. - 

Swanson R. A., Lin L, Millar J. W.. Rodistdn J. D^ Farrell IC, Stein 
B, A. and Longuemais M. C. (1997) Neuronal regulation of gluta- 
mate transporter subtype expression in astrocytes. / NeumxL 17, 
932-940. 



O 2001 International Society for Nenrochemisiry. Journal of NeuwchemlstTy, 79, 737-746 



746 C. Bcndotti et aL 



TK>tti D, Danbolt N. C. and Voltenra A. (1998) Glutaniate 
transporters are oxidant-vulnerable. A molecular Knk between 
oxidative and excitotoxic neorodfigenfiration? 7^* 19, 
328-334. 



Ttotti D., Rolfs Danbolt N. Brown R, H. Jr and Hedigcr M. A. 
(1999) SODI inutants linked to amyotcopMc lateral sckrosiii 
selectively inactivate a glial glntamatc tnmspoiter. Nature 
Nettmsd. 2, 427-433. 



© 2001 Internationa} Society for Neurochemistiy, Journal of Neurocheimstryf 79, 737—746 



Neumbiotogy of Dtsoase 7, 657- 665 (2000) 

doi:10.1006/nbdl.2000.0311, available online at http://www.ideailbrary.com on IDEKL 



Neurodegeneration Is Associated to Changes 
in Serum Insulin-like GroAWth Factors 

Svetlana Busiguina,* Ana M. Fernandez/ Vicente Barrios,^ 
Ruth Clark,* Daniel L. Tolbert,^ Jose Berciano,^ 
and Ignacio Torres-Aleman* 

*LaboratoryofNeuroendocrinoJogy. Cajal Institute, CSIC; ^Division of Pediatric 
Endocrinology, Nino Jesus Hospital. Madrid, Spain; *Program in Physical Therapy, 
ScliOQl ofUedidne, Wasliington University; ^Department of Anatomy and Neurobiology, 
St Louis University Sciiool of Medicine, St Imis, Missouri; and ^Department of Neurology, 
Marques de ValdeciSa Hospital, Santander, Spain 

Received February 21, 2000; revised May 1 5, 2000: accepted for publication June 1, 2000 



Serum levels of insulin and insulin-like growth factors and their binding proteins (IGFs and IGFBPs, 
respectively) are changed in human neurodegenerative diseases of very different etiology, such as 
Alzheimer's disease, amyotrophic lateral sclerosis, or cerebellar ataxia. However, the significance of 
these endocrine disturbances is not clear. We now report that in two very different inherited neuro- 
degenerative conditions, ataxia -telangiectasia (AT) and Charcot-Marie-Tooth 1A (CMT-IA) disease, 
serum levels of IGFs are also altered. Both types of patients have increased serum IGF-I and IGFBP-2 
levels, and decreased serum IGFBP^I levels, wrtiHe on|y AT patients have high serum insulin levels. 
Furthermore, serum IGFs are also changed in three different animal models of neurodegeneration: 
neurotoxin-induced motor discoordination, diabetic neuropathy, and hereditary cerebellar ataxia. In 
these three models, serum insulin levels are significantly decreased, serum IGF-I and IGFBP-1, -2, and 
-3 are decreased in diabetic and neurotoxin-injected rats, while serum IGFBP-1 Is increased in 
hereditary ataxic rats. Altogether, these observations indicate that a great variety of neurodegenera- 
tive diseases show endocrine perturbations, resulting in changes in serum IGFs levels. These pertur- 
bations are disease-specific and are probably due to metabolic and endocrine derangements, nerve 
cell death, and sickness-related disturbances associated to the neurodegenerative process. Our 
observations strongly support the need to evaluate serum IGFs in other neurodegenerative 

conditions, o 2000 Acadendc Press 

Key Words; insuFm-like growth factors; neurodegeneration; ataxia; diabetes; Charcot-WIarie-Tooth 
disease. 



INTRODUCTION 

Recent progress In human genetics have revealed 
the existence of speciiic mutations in many types of 
neurodegenerative diseases (Hardy and Gwinn- 
Hardy, 1998). Because the affected proteins are usually 
widely expressed in the nervous system, the relation- 
ship between changes in protein function and appear- 
ance of specific patterns of cell death is not yet. well 
understood (Price et al., 1998). Conceivably, the pri- 
mary pathogenic effect will lead to death of those cells 
directly affected by the mutation. Subsequent homeo- 
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Static derangements associated to this primary cell 
death may include a loss of appropriate trophic input 
to nerve cells not primarily affected by the disease. As 
a consequence, secondary cell death will proceed. A 
similar general process is envisaged for nongenetic 
neurodegenerative processes such as those taking 
place after isquemic insult, physical injury, or neuro- 
toxin-related neuronal death. Thus, changes in growth 
factor . input, among other pathological alterations, 
may be an additional factor involved in the progres- 
sion of neurodegenerative processes. In this regiard. 
we and others previously reported altered levels of 
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insulin, insulin-like growth factor I (IGF-I). and IGF- 
binding proteins (IGFBPs) in different human neuro- 
degenerative diseases (Tham et ail,. 1993; Torres-Ale- 
man et aJ., 1996, 1998; Schwab et ai., 1997; Craft et al, 
1998). More recently, we also found that insulin-like 
growth factor I (IGF-B is involved in the progression 
of neuronal death after neiirotoxin insult in rats (Fer- 
nandez et ai., 1999), 

The insulin family of growth factors include insulins 
IGF-I and -II, and the IGFBPs. The latter are proteins 
that modulate the biological activity of the IGFs Oones 
and Clemmons, 1995). These peptides are found at 
high levels in the blood stream, but are also present in 
the developing and adult nervous system where they 
exert wide trophic actions (Torres-Aleman, 1999). 
IGF-I has recently been found of potential therapeuti- 
cal use in different neurodegenerative conditions (Fer- 
nandez et al., 1998; Pulford ef ai.. 1999). The rationale 
for these studies is based on the potent trophic actions 
of IGF-I and on its ability to rescue injured neurons 
after a great diversity of insults pore et a/., 1997; 
Torres-Aleman and Fernandez, 1998). The observation 
of low serum IGF-I levels in human patients suffering 
from different types of neurodegenerative diseases 
and in animal models (Torres-Aleman et ai., 1996; 
Busiguina etai., 1996; Schwab etai., 1997; Scheepens et 
al,, 1999) gave support to this therapeutic approach. 
However, it is still imclear whether insulin (Wickel- 
gren. 1998), IGF-I (Torres-Aleman et al., 1996, 1998; 
Dore et al., 1997), or for that matter any neurotrophic 
factor, are directly involved in the progression of the 
neurodegenerative process. In the present study we 
have evaluated widely different types of etiopatho- 
genic processess involved in neurodegeneration to de- 
termine whether changes in serum levels of these 
growth factors are characteristic of a subset of neuro- 
degenerative diseases or, on the contrary, they 
changed in all types of neurodegenerative conditions 
regardless of their origin. We include both human 
diseases and animal models in our study to have a 
broader sample of neurodegenerative mechanisms. 
Specifically, we have explored whether both acute 
(neurotoxic insult) or slow (metabolic derangement) 
nongenetic neurodegenerative processes as weU as he- 
reditaiy neurodegenerative diseases (ataxia-telangiec- 
tasia. Charcot-Marie-Tooth lA disease, and cerebellar 
atrophy) will present changes in these trophic factors. 
We found significant changes in serum insulin, IGF-I, 
and IGFBPs levels in all these neurodegenerative con- 
ditions of widely different phenotypes or genotypes. 
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MATERIALS AND METHODS 

Patients 

The series comprises 29 patients with an inherited 
peripheral neuropathy of the Charcot-Maxie-Tooth lA 
(CMT-1 A) disease type. Most of these patients belong 
to six previously reported families (Hallan et a/., 1992; 
Garcia et al, 1998). Mean age was 33.4 years, with a 
range of 8 -77 "years. "All patients showed slight to 
moderate signs of peroneal muscular atrophy, marked 
and uniform slowing of nerve conduction velocity, 
and a tandem duplication of a 1.5-Mb region in chro- 
mosome 17pll.2, The weight/height ratio of CMT-IA 
patients was within normal population parameters. A 
second series of 12 patients with an inherited central 
neurodegeneration, ataxia-telangiectasia {AT), were 
also studied (13.2 years; range, 3-34). They were geno- 
typed, diagnosed, and their blood samples collected 
through a multicenter program organized by the AT 
Children's Project (Boca Raton. FL). Age-matched nor- 
mal subjects (age range of 6-68 years) were used as 
controls: 10 for CMT-1 A (34.4 years) and 8 for AT (12.2 
years). Since the two populations of control subjects 
showed similar values for serum IGF-I and insulin 
they were pooled and shown as a single control pop- 
ulation. Blood samples were withdrawn in fasted con- 
ditions between 8 and 10:00 aju. 



Animal Models 

NeumtDxin'induced ceitheUar ataxia. Cerebellar deaf- 
ferentation resulting in ataxia was induced in adult 
rats (250-300 g) by injection of the neurotoxin 
3-acetylpyridine (SAP, 50 mg/kg ip) as described in 
detail before (Fernandez etai.. 1997). Massive nexaronal 
loss (99%, P < 0.001) was found specifically in the 
inferior olive (Torres-Aleman et al., 1991). Animals 
show permanent and severe ataxia as measured in the 
rota-rod test (Fernandez et a/., 1998). They also had a 
10% decrease in body weight as compared to controls. 

Hereditary cerebellar ataxia. Two to three month old 
"shaker" mutant rats with hereditary ataxia due to 
progressive primary Purkinje cell death were used 
CTolbert et ai., 1995). At these ages most Purkinje cells 
in the cerebellar anterior lobe and many of these cells 
in the posterior lobe have degenerated. Coincident 
with this loss of Purkinje cells the mutant rats are 
ataxic characterized by a wide-based "staggering" 
gait Ataxic animals weighed 20-28% less than age- 
matched controls (Wolf et ai., 1996). 
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Diabetic neuropathy. Insulin-dependent diabetes was 
induced in adult rats by injection of the pancreatic beta- 
cell toxin streptozotocin (65 mg/kg, ip) as described 
(Busiguina et a/., 1996). Diabetic rats had significantly 
high serum glucose levels (396 ± 16 mg/dl as compared 
to 72 ± 2 mg/dl in controls) and developed a peripheral 
neuropathy as determined by loss in the paws of the 
sensitivity to heat (? < 0.05 as compared to controls). 
Gentral-neuronal loss - (Biessels - et -a/., ~1594>-was-ascer- 
tained by counting cerebellar Purkinje cells; we found a 
25% reduction in the number of this type of neurons 
(P < 0.05) after 2 months of induction of insulin-depen- 
dent diabetes. Animals show also a severe body mass 
loss (50% of controls). 



Immunoassays 

All assays used have been described in detail before 
(Busiguina et al., 1996; Torres-Aleman et d., 1996, 
1998). Two types of samples were analyzed: serum 
from human subjects and from experimental animals; 
and cerebellar tissue from experimental animals. We 
chose the latter as a representative brain area because 
previous findings indicated that the cerebellum shows 
specific changes in the levels of insulin-like growth 
factors in neurodegenerative diseases CTorres-Aleman, 
1991, 1996). IGF-I. IGFBPs, and insulin levels were 
measured by either radiounmtinoassay (IGF-I, insulin, 
IGFBP-Z. and BP-3), EUSA (BP-1), or Western ligand 
blot (WLB). The latter technique was used to measure 
intact BP-3 in human sera as determined by its affinity 
to bind labeled IGF-I. Immvinoreactive BP-3 levels in 
human serum do not reflect intact levels of BP-3 be- 
cause most anti-human anti-BP-3 antibodies recognize 
BP-3 fragments (Marks et a/., 1991). WLB was used 
also to measure rat IGFBPs in serum and brain tissue. 
In all cases, control and experimental samples were 
alternated in the blot to minimize intrablot variations. 
WLB results were analyzed by laser densitometry and 
results express as percentage of control levels within 
the same blot (see figures). 

Serum samples were either direcdy measured (IG- 
FBPs and insulin) or extracted (for IGF-I) using Sep- 
pak cartridges as reported (Pons and Torres-Aleman, 
1992). Brain tissue samples were processed for IGF-I 
RIA or BP-2 WLB as described (Pons and Torres- 
Aleman, 1992; Busiguina et ai., 1996). Results are 
shown as mean SEM. A Student's t test was used for 
statistical analysis. A value of P < 0.05 was taken as 
significantly different 




Control 
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FIG. 1. Levels of insulin-Uke growth factors in human inherited 
neurodegeneration. Serum Insulin (A) and IGF-I (B) levels in Char- 
cot-Marie-Tootfi lA disease (CMIO patients, ataxia-telangiectasia 
{AT) patients, and control subjects. ♦P < 0.05; **P < 0.005; ***P < 
0.0001. 



RESULTS 

Serum Insulin-like Growth Factors in Hereditary 
Neurodegenerative Diseases 

We previously reported that in geneUcally heterog- 
enous cerebellar ataxic patients IGF-I and insidin lev- 
els are significantly depressed CTorres-Alenjan et al., 
1996). We now studied two human neurodegenerative 
conditions where the genetic perturbation is homoge- 
nous and identified. Ataxia-telangiectasia (AT) is as- 
sociated to a mutation in Atm. a protein belonging to 
the superfamily of PI3-kinases (Savitsky et a/., 1995), 
while Charcot-Marie-Toothtype lA disease (CMT-IA) 
is linked to a duplicaton of the gene for PMP22. a 
constitutive myelin protein (Hanemann and Mtdler, 
1998). As shown in Fig. 1, serum IGF-I levels were 
significantly increased in both types of patients while 
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FIG. 2, Serum levels of BP-1 CA). BP-2 (B). and BP-3 (Q in CMT and AT patients and in controls [c). Intact BP-3 0) detemuned by its affinity 
to bind IGF-I (WLB) was significantly dmged in CMT patients. Representative WLBs of BP-3 in CMT and AT patients and controls are shown 
to the rig^it in D. < 0.05. 



semjin insulin levels were significantly increased only 
in A-T patients. Similarly, serum levels of 2 of the 3 
major types of circulating IGFBPs were also altered 
(Fig. 2). Although immunoreactive BP-3 levels were 
not changed (Fig. 2C), bioactive levels, as determined 
by the affinity of BP-3 to bind IGF-I. were slightly 
increased in AT patients (122 ± 35% of control values) 
and significantly decreased in CMT patients (67 ± 9% 
of controls, P < 0.05; Fig. 2D) 

We then extended these observations to an animal 
model of cerebellar ataxia (the "shaker" rat) due to 
X4inked inheritance of the shaker genotype which 
results in the adult-onset degeneration of Purkinje 
cells. These rats have low serum insulin levels, and 
although they also have very low cerebellar IGF-I 
levels, serum IGF-I levels are normal (Fig. 3). In addi- 



tion, serum and cerebellar IGFBPs are also modified in 
these animals (Fig. 3). 

Serum InsuUn^like Growth Factors in Nongenetic 
Neurodegeneration 

Altered serum insulin and IGF-I levels have also 
been found in human and experimental neurodegen- 
erative conditions not linked to genetic mutations 
(Tham et a/., 1993; Schwab et al., 1997; Craft et aJ.. 1998; 
Fernandez etaJ., 1998; Scheepens etal., 1999). We now 
have extended , these observations in two different 
models of experimental neurodegeneratiorL A first 
one consists of an acute neurodegenerative process 
due to toxic insult (SAP). In this model, neuronal 
death is circimiscribed to the first week after netoro- 
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FIG. 3. InsuUn-Iike growth factors in an animal model of hereditary cerebellar ataxia (shaker ral). Upper panel: serum levels of Insulin, IGF-I, 
and IGFBPs in shalcer ataxic rats. Lower panel: cerebellar levels of IGF-I and BP-2 in shaker rats. Upper inset shows a representative WLB for 
serum IGFBPs while the lower inset shows a representative WLB for BP-2 in the cerebellum. S, shaker rat; C. control rat Arrows in gels indicate 
position of the different IGFBPs. *P < 0,05; **P < O.OOL 



tojdn administration (Fernandez et al,, 1999). A second 
one is a prolonged neurodegenerative process due to 
diabetes-related metabolic derangements, where cell 
death develops gradually and continues unabated. As 
previously reported (Busiguina ttal., 1996; Fernandez 
et al, 1998), both types of insults produce low serum 
IGF-I levels. However, time-course analysis of thfe 
changes indicate that in diabetic animals serum IGF-I 
remains low for the duration of the study (8 weeks), 
while SAP-injected rats show a recovery of serum 
IGF-I 4 weeks after injection of the neurotoxin (Fig. 
4A). If the components of the IGF trophic system are 
evaluated at a time when serum IGF-I levels are de- 
pressed, i.e., 2 weeks after SAP and 8 weeks after 
streptozotocin, most of them are also altered. Thus, as 



shown in Fig. 4B. serum Insulin is significantly de- 
creased. Similarly, a pronounced decrease in cerebel- 
lar IGF-I levels is also found (Fig. 40). Finally, both 
serum and cerebellar IGFBPs are also low (Figs. 4D 
and 4E). However, if these components are evaltiated 
4 weeks after 3AP injection, when IGF-I levels are back 
to normal, all of them are also normalized (not 
shown). 



DISCUSSION 

The present findings extend and reinforce the ob- 
servation that levels of circulating insulin, IGF-I and 
IGFBPs are altered in many types of human neurode- 
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FIG. 4. (A) Time course analysis of serum IGF-I levels in acute, 
neurotoxin-irduced (SAP) neurodegeneratlon, and in long-term 
neurodegeneration (diabetes), (B) Serum levels of insulin Z weeks 
(SAP) and « weeks (diabetes) after toxin administratloiL (C) Cere- 
bellar levels of IGF-I in ataxic (SAP) and diabetic animals. (D) 
Cerebellar levels of BP-Z in SAP-treated and diabetic animals. (E) 
Serum IGFBPs in SAP-induced ataxic rats (SAP) and In insulin- 
dependent diabetic rats. a. undetectable levels. *P < 0.01; **P < 0,05. 



generative diseases, Including major illnesses such as 
Alzheimer's disease or stroke as well as inherited neu- 
rodegenerative diseases fTham eta/.. 1993; Torres-Ale- 
man et ai., 1996, 1998; Schwab et ai., 1997; Craft et ai., 
1998), Similarly, changes in serum insulin. IGF-I and 
IGFBPs are found in various animal models of neuro- 
degeneration (Toixes-AIeman et a/., 1991; Fernandez et 
ai., 1998; Zhang et ai„ 1997. 1999), Although experi- 
mental models do not mimic all aspects of human 
disease, altogether this suggests that alterations in 
insulin/lGF-I input may be common to many, if not 
all neurodegenerative diseases. 



It is well known that changes in growth factor and 
cytokine levels, including the IGFs and the IGFBPs 
(Torres-Alemah and Fernandez, 1998) take place at the 
lesioned site in all types of neurodegenerative pro- 
cesses, both in humans and in animal models [Isack- 
son. 1995; Toulmond et al, 1996; Feldman et aL, 1997; 
Raivich et ai., 1999). These changes, in most instances 
resulting in increased local levels of the growth fac- 
tors, are considered to reflect local adaptive responses 
to cell death. However, it is intriguing that serum 
levels of insulin growth factors are changed not only 
in peripheral neurodegenerative diseases but even in 
degeneration affecting central neurons. In this regard, 
it has been reported that exogenously administered 
insulin and IGF-I can access the brain (Pardridge. 
1993; Poduslo eta}., 1994; Reinhardt and Bondy, 1994; 
Carro et ai., 2000). While the physiological significance 
of these observations is currently under intense scru- 
tiny (Aberg et a/., 2000; Carro et al., 2000), recent find- 
ings suggest that passage of serum insulin and IGF-I 
through the blood-nerve barriers may be of patholog- 
ical importance (Armstrong etai., 2000). Furthermore, 
while the role of endogenous IGFs in the brain is still 
not clear, administration of IGFs results in potent neu- 
roprotective effects in a great variety of experimental 
conditions (Feldman etsd., 1997; Fernandez etai., 1998; 
Pulford et ai., 1999). Thus, it is conceivable that IGF 
therapy of neurodegenerative diseases could be im- 
plemented through peripheral administration. 

It is intriguing that the pattern of changes in IGF-I, 
and IGFBPs in AT and CMT patients is identical (al- 
though insulin is increased only in AT patients) be- 
cause these diseases are very different both in pheno- 
type and in genotype. Similarly, animal models as 
diverse as diabetic rats, 3AP-ataxic rats or pcd ataxic 
mice (Zhang et ai., 1997, 1999) show identical changes 
in insulin, IGF-I, and IGFBPs (although Insulin levels 
in pcd mice have not been reported). Thus, and inde- 
pendently of the etiology of the disease, we can dis- 
tinguish two general situations: (1) Deficiency states: 
diseases with low insulin and/or IGF-I levels; and (2) 
Resistance states: diseases with high insulin, and/or 
IGF-I levels. For the sake of clarity we do not take into 
account changes in IGFBPs levels because they are 
usually considered to be secondary to changes in in- 
suUn/IGF-I levels (Feny et ai., 1999). 

Deficiency states such as those found in cerebellar 
ataxia, amyotrophic lateral sclerosis, or stroke (Torres- 
Aleman etai., 1996, 1998; Schwab etal., 1997) may arise 
from a variety of causes that wiil ultimately lead to 
impaired hormone production due to either death of 
the hormone-synthesizing cells, cell stress, or endo- 
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crine disregulation. While death of pancreatic beta 
cells producing insulin or of hepatocytes producing 
IGFs is unlikely, except in neurodegeneration associ- 
ated to severe endocrine diseases, our results suggests 
that endocrine alterations, resulting in low hormone 
levels may be a problem far more commonly associ- 
ated to neurodegeneration than previously thought 

High IGF-I and insulin levels foimd in AT, CMT, 
and Alzheimer's disease CEham etaJ., 1993; Craft.etal,,, _ 
1998) reflect a resistant state and are likely due to a 
loss of sensitivity of target cells to the actions of the 
growth factor. Although resistance may occur with 
low or even normal growth factor levels, high circu- 
lating levels of either insulin or IGF-I always reflect a 
resistant state Qain eC al., 1998). Possible mechanisms 
leading to instilin/lGF-I resistance in nexjrodegenera- 
tlve diseases may be varied. Genetic mutations asso- 
ciated to neurodegeneration may include proteins pu- 
tatively involved in the insulin/IGF signalling path- 
way. This might be the case of the Atm protein 
mutated in AT patients which is a PI 3-kinase family 
member. PI 3-klnases are critically involved in the 
biological actions of IGFs and insulin (LeRoith ef aU 
1995). Another potential interaction with the IGF path- 
way is the dentatorubral-pallidoiuysian atrophy pro- 
tein, whjch interacts with the insulin receptor sub- 
strate (IRS. Okamura et al., 1999). which is a pivotal 
molecular intermediary of insulin/IGF actions (Le- 
Roith et a/., 1995). Other potential causes of resistance 
to insulinAGF-I may be related to pathological 
changes in affected cells or in their vicinity, including 
altered cytokine production or glucose metabolism 
Qain et al,, 1998; Venters et aJ.. 1999). The latter pro- 
cesses may be involved in cell death in Alzheimer's 
disease since both serum insulin and IGF-I levels are 
elevated (Tham et al., 1993; Craft et al,, 1998). Further- 
more, it has been suggested that high serum insulin 
levels in Alzheimer's disease reflects an altered insulin 
metabolism of affected neurons (Craft et al., 1998; 
Wickelgren, 1998). Hence, a "neuronal diabetes-Uke" 
process could be primarily involved in the develop- 
ment of Alzheimer's disease (Wickelgren, 1998). We 
can speculate that similar "resistant states" of affected 
nerve cells underlie high insulin/IGF levels found in 
. AT or CMT patients. If our hypothesis is correct, pa- 
tients with dentatorubral-pallidoiuysian atropliy may 
have high serum insulin/IGF-I levels. 

Although we cannot yet determine the precise 
mechanisms leading to either increased or decreased 
serum levels of IGFs in neurodegenerative diseases, at 
least three types of general processes can be envisaged 
to participate. A first one may be signals associated to 



the cell death process, such as cytokines (Fan et al,. 
1998) and other cellular mediators involved in neuro- 
degeneration. This is supported by our observation 
that cell death is temporally correlated with serum 
IGF-I levels in models of acute and of progressive 
neurodegeneration (see also Zhang et aJ., 1999). The 
gradual normalization of serum IGF-I levels after 3AP 
insult is not due to transient toxic effects of the drug 
since lesiqning of inferior olive neurons by a different 
method elicits a similar decrease in IGF-I levels (Fer- 
nandez et al., 1998). A second possible mechanism 
may be metabolic derangements associated to the neu- 
rodegenerative process. For example, a high preva- 
lence of diabetes in Friedreich's ataxia, multiple scle- 
rosis, or Wolfram syndrome has been reported (Wert- 
man etaJ., 1992; Barrett et al., 1995; Ristow eta/.. 1998). 
As already mentioned, central derangements in insu- 
lin action coiild be involved in Alzheimer's disease 
(Craft etal., 1998; Wickelgren, 1998) and may also be 
involved in ataxia-telangiectasia (Knittweis, 1998). In 
this regard, it is important to note that many endo- 
crine diseases are associated to nerve cell death. A 
third possibility Is that changes in insulin/IGFs levels 
are secondary to general illness-related changes such 
as alterations in food comsuption, in the sleej>-wake 
cycle, or in physical activity. Low protein intake, sleep 
disorders, critical illness, and intense physical activity 
have all been related to changes in the insulin/IGF 
axis Oones and Clemmons, 1995; Frost and Lang, 1998; 
Simon 1998). The relative contribution of each of these 
processes would be specific for each disease, resulting 
in a distinct pattern of changes of insiilin/lGF-rin 
each disease. 

In summary, our results indicate that changes in 
serum insulin, IGF-I, and/or IGF-binding proteins are 
associated to many different types of neurodegenera- 
tive processes. These changes are probably due to a 
variety of endocrine alterations associated to the dis- 
ease state. However, it is tempting to speculate that in 
a subset of neurodegenerative diseases these changes 
may directly reflect pathogenic mechanisms. At any 
rate, our results strongly support the need to evaluate 
serum IGFs and possibly other circulating growth fac- 
tors in all types of neurodegenerative conditions. If 
circulating trophic factors are found to be altered in 
other diseases we may start considering that endo- 
crine/metabolic alterations are coirunonly associated 
to neurodegenerative diseases. The recent success of 
subcutaneous IGF-I treatment in experimental models 
of neurodegeneration support the notion that inter- 
ventions aimed to correct these endocrine alterations 
may lead to new therapeutic approaches. 
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Amyotrophic lateral sclerosis (ALS) is tnainly a 
sporadic neurodegenerative disorder characterized 
by loss of cortical and spinai motoneurons. Some 
famlltai ALS cases (FALS) have been linked to dominant 
mutations In the gene encoding Cu/Zn superoxide 
dismutase (S0D7). Transgenic mice overexpressing 
a mutated form of human SOD1 with a Gly^Ala 
substitution develop progressive muscle wasting 
and paralysis as a result of spinal motoneuron loss 
and die at 5 to 6 months. We Investigated tiie effects 
of neurotrophic factor gene delivery In this FALS 
model. Intramuscular Injection of an adenoviral 
vector encoding cardIotrophin-1 (CT-1) In SODI^ 
newborn mice resulted in systemic delivery of CT-1, 
supplying motoneurons with a continuous source of 
trophic factor. CT-1 delayed the onset of motor 
impairment as assessed in the rotarod test Axonal 
degeneration was slowed and skeletal muscle 
atrophy was largely reduced by CT-1 treatment. By 
monitoring the amplitude of the evolced motor 
response, we showed that the time-course of motor 
Impairment was significantly decreased by CT-1 
treatment. Thus, adeno virus-mediated gerie transfer 
of neurotrophic factors might delay neurogenic 
muscular atrophy and progresshre neuromuscular 
deficiency in ALS patients. 

INTRODUCTION 

Amyotrophic lateral sclerosis (ALS) is a common neuro- 
degenerative disease in humans, involving motoneuron loss in 
the cortex, luainstem and spinal cord. It typically affects adults 
in their fifth decade, leading to pro^iessive muscle wasting, 
paralysis and death within 3 to 5 years, ALS is mainly 
sporadic; however. 10% of cases are familial (FALS) and have 



similar clinical and bistopathological features. About 20% of 
FALS cases are associated with dominantly inherited 
mutations in the Cu/Zh snperoxide dismutase gene {SODl) (1). 
SODl cytosolic enzyme catalyzes the dismutation of snper- 
oxidB radical into hydrogen peroxide and molecular oxygen, 
suggesting that reduced SOD activity could increase oxidative 
stress. However, transgenic mice expressing FALS -linked 
mutations in the SODl gene develop severe denervating and 
paralytic processes that resemble ALS without loss of SODl 
activity (2-5). These observations suggest that mutant SODl 
proteins acquire a novel gain of function that might contribute 
to the pathogenesis. Several hypotheses have been proposed to 
explain this gain of function. These include increased peroxidase 
activity, nitration of tyrosines via formation of peroxynitrite, 
metal toxicity. SODl-aggregaticMi-mcdiated toxicity or iriiibition 
of gUal glutamate uptake (for reviews see 6.7). However, to 
date, molecular mechanisms leading to selective motoneuron 
degeneration remain poorly understood. 

Mice expressing the Gly'^Ala (G93A) mutation in exon 4 of 
the human SODl gene exhibit an autosomal dominant adult 
onset of motoneuron disease (2). The prominent and selective 
loss of Bpinal motoneurons leads to progressive paralysis, 
muscle wasting, atrophy, and death at 5-6 months. These mice 
provide a very useful animal model of FALS and have been 
used for identifying therapeutic agents. Antioxidants slow 
down the progression of the disease but have no effect on 
survival (8,9), whereas inhibitors of the ghitamatergic system 
and copper chdators delay disease onset slightly and extend 
survival to a small extent (8.10). A creatine diet improves 
motor pcrfonnance and slightly protects motoneurons from 
oxidative damage (11). Finally, promising results were 
obtained through overexpression of the Bcl-2 anti-apoptotic 
gene or caspase inhibitors; both approaches have been shown 
to delay motoneuron death (12-14). suggesting that apoptosis 
plays an important role in ALS pathogenesis. 

In the absence of a clear understonding of the pathogenic 
process, neurotrophic fectors have been hypothesized to be 
able to slow down motoneuron cell death and axonal degeneration 
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and also to promote muscle reimicrvation (for reviews see 15,16), 
Beneficial efiiscts of neurotrophic factor overexpression have 
been reported in spontaneous models of motonenron disease, 
wobbler and pjwi mice (17-20). In pmn mice, we recently 
described the impressive neuroprotective effect of cardio- 
trophin-l (CT-1) (21). This cytokine of the IL-6 family has 
been described as a very potent neurotrophic factor for spinal 
motonenrons in long-term culture and protects neonatal sciatic 
motoneurons from axotomy-indnced cell death in rats (22),Jts 
overexpression in pmn mice significantly reduces degeneration 
of facial motoneurons and phrenic axons and preserves the 
terminal innervation of skeletal muscles that is grossly 
disturbed in untreated ;7mn mice (21), We have akeady shown 
that intramuscular adenoviral gene transfer in neonatal mice 
results in the effiraent and long-term expression and delivray 
of a secreted protein (23). 

Using this gene ther^jy approadi, we have now evaluated 
the neuroprotective potential of CT-1 in SODJ^^^ mice. 
Neonatal transgenic mice received a single injection of adenoviral 
vector, and both fcmctional and histopathologjcal parameters 
were evaluated to assess the rffects of CT-1 gene delivery on 
disease progression. 

RESULTS 

Effects of CT-1 gene delivery on general behavior of 
SODl^ mice 

Neonatal transgenic SODJ^^^ mice were injected with a total 
dose of 10« plaque forming units (PFU) of AdCT-1 or AdLacZ 
into five muscles (both gastracncmii, both triceps brachii and 
long dorsal muscles of the trunk). We have already shown that 
a similar injection protocol results in long-term gene wcpression 
(20,21). In this stndy, gent expression was assessed from day 
130-210 after gme transfer in injected musdes and also in 
serum. As shown in Figure lA, adaioviral CT-i transcripts 
were detected by RT-PCR in all AdCT-1 injected miuscles 
until very late stages. In sera, CT-1 Hoactivities were measured 
using a ciliary ganglion neuron survival assay. At 130 days 
after gene transfer, the sera of all analyzed SOjD7*^'^treated 
mice contained elevated CT-1 bioactivities, in contrast to sera 
from control SOD2°^ mice (Hg. IB). We thus conclude that 
CT-1 gene expression persisted over the course of ttie study. 

To assess (he effects of treatment on general behavior, 
S0D;°^3A mice ^^re regularly weighed (Fig. 2A). Widi 
disease progression, untreated S0D1°^ nnce had reduced 
weight gain and even lost weight at ^id-stage, as described 
previously. Compared with untreated animals, AdCT-1 -treated 
mice had a slightly reduced wdght gain on the first weeks after 
aduioviral injection, \^ch probably reflects die side effects of 
CT-1 as observed in AdCT-l-treated pmn mice (21). At 120 days 
of age however, the weight of AdCT-l-treated SODl^^ mice 
reached values close to nonnal and remained ingjier than the 
wei^t of untreated SODJ^^imc& even in end-stage disease. 

CT-1 delays disease onset and modesfly improves survival 
Df50DJ<^mice 

The appearance of the first signs of motoneuron disease in 
SODl^^^ mice was assessed by rotarod analysis. Mice were 
tested on a rotarod on a weekly basis fi-om day 60-190 of life. 
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Figure 1. CT-1 eatpression in SODl^^ mice after inteainuscular gene delivery. 
(A) Adenoviral CT-l tranBcripta were detected by KT-PCR in gastrocnemius 
musdes of AdCT-l-injected mice agsd 130 days (Imcs 4-0, 168 days Oanes 7-8) 
and 210 days (tone 9). In contrast, no signal was detected in controJ AdLacZ- 
injccted mice Oanes 1-3). Cf , RNA from AdCT-l-infccted 293 ceUs. Control 
Rr-^»t3l. reactions were peifom»ed using primcts q>ecafic fbr P^actin. Reactions 
wi* (+) and witbotit(-)icvcree tiansciiptBse. CB) CT-l Koactivitics in moose seia 
as analyzed fay a dliaiy BsngUm nenron smvlval assay. Becvated CT-1 bioactivities 
pB trod^ units (TO) per nnllilitcr] weie detected ic flie sera of AdCT-l-injected 
S0D2^^ Txacc zgfid 130 days (n = 4) but not in control mice (n - 4). One 
trophic unit is defined as the serum dilutian aUowing balf-maxima) snrvjval of 
tteuions. Ttie number of surviving neurons as a function of the concenCration 
of recombinant CT-1 protein is shown in the inset. 



The onset of motor deficit vras defined as the first day a mouse 
could not remain for 3 min on the rotarod taming at a speed of 
15 r.p.iiL The av«age age of motor deficit onset in AdCT-l-treated 
SODl^^ mice was 153 ± 7.8 days (mean ± SEM, k = 7) 
compared with 126 ± 8.5 days (n - 6) in untreated SODl'^ 
mice (Fig. 2B). CT-1 treatment thus delayed motor deficit 
onset by 27 days (Hsher' s test, P = 0.039). 

As shown in Figure 2C, the CT-1 treatment prolonged tiie 
mean survival of SOD mice by about 13 days (mean ± SEM: 
untreated. 17Z6±4.6 days, n =25; CT-l-treated, 185.9 ± 3.9 dsys, 
n = 46, P — 0.034). When compared with a small number of 
AdLacZ-injected SODl^^ mice, the mean survival of CT-1 
treated SODl^^^ mice, also tended to improve (LacZ, 176.3 ± 
5 days, n = 12) albeit this difference did not reach statistical 
significance (P = 0.094; Fig. 2C). 



Human Molecular Genetics, 2002, Vol. 10, No. 18 1927 



B 





30 




26 ■ 




20 


i 


15 - 








1D . 




5- 




0- 











* */ A 




w 





0 20 40 eO 80 100 120 140 180 100 200 

Age (days) 




25 60 75 100 125 ISO 1TC 200 

Age at onset (days) 



1 


1 - 




OA- 




0.6- 




0^. 




02- 


Pro 


0 - 




Untreated 

— AdLacZ 

Ador-i 



i- i I ■ I ■ I ■ I ■ 

120 140 160 1 BO 200 220 240 260 280 

Age «t death (days) 

Figure 2. General behavior of SODl^^ mice (A) Body weight varialions in AdCT-l-treated mice and control groups. Asterisks denote the statistical dfficrcncc 
between AdCT-l-treated mice compa^ with untreated animals. Average mean mmiber of mice analyzed: wild-type, » 17; AdCT-l. n = 14; untreated, n 8. 
(S) Curanlfltive probability of onset of Bcverc motor deficits. Motor function was assessed with the rotaiod at 15 i;p jn. fiuro day 60-190- Tfestmg was terrmnated 
arbitrarily at 3 min. TTie onset of motor dcedency was defined as the day the moose could not complete tbe test. CT-1 ddaycd onset of motor d^ts by 27 days 
compared with untreated SODl°^ mice (Fisher's test, = a039). (C) Cumulative probabiHty of survival in SODl^ mica CT-1 miproved fltt airyn^rf 
SODl^ (n = 46) by about 1 1-13 d^s as compared with untreated {« = 25) or AdLacZ-iryftCted (n = 12) mice (AdCT-l versus untreated, P = 0.034; AdCT-l 
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CT-1 improves neuromtiscular function of SOZ)J°°a mice 

We used electiomy ogr^hy (EMG) to characterize more precisely 
the progressive i mp flfrment in ncuroraascular iiinctian in 
SODl^^treated mice. Changes in EMG parameters are 
detected far earlier than onset of tremor or motoneuron loss 
(24,25). In this study we recorded compomd muscle action 
potential (CMAP) amplitudes in the gastrocnemius muscle 
from 80 to 180 days after injection to assess ttie wctent of 
inqyairmcnt of motor rarits after CT-l treatment Up to 1 10 days, 
CMAP valuies in gastrocnemius muscle did not differ in either 
Crr-l-tieated or control SODJ^^ mice (Fig. 3A). Thereafter, 
CMAP amplitude decreased at a sigrrificantly lower rate in AdCT- 
l-treated compared with untreated SODl^^ mice (-0.44 mV/day 
in SOZJi^^untreated mice; -029 mV/day in CT-l-treated 
animals, regression analysis and Fisher's test, P < 0.0001). In 
end-stage disease (180 days), the CMAP amplitude remained 
significantly higher in CTT-l-trcated mice than in untreated 
50£>i<553Aniice. 

Distal motor latencies were measured in parallel with C^MAP 
in gastrocnemius muscle (Kg. 3B). Motor latencies were 
increased in all SODl^^ mice compared with normal mice. 
Up to 140 days of age, no significant difference was observed 
between untreated and AdCT-1 -treated SODI'^ mice. At later 
tune points however, distal motor latencies were significantly 



lower in CT-l-treated SODl^^ mice compared vrith 
untreated SODl°^ mice (Fisher's test, P = 0.0003). 

BBstologica] effects of CT-1 

Histological analysis of SOD mice was performed at 130 days 
of age. The medial and lateral gastrocnemius muscles were 
dissected and weighed (Hg. 4). The weight of AdLacZ-treated 
muscles of SODl*^^ mice was only 46% of the weight of 
wild-lype muscles (mean ± SEM: AdLacZ, 72.2 ± 3.5 mg, w = 5; 
wild type, 156.4 ± 8.4 mg, n - 7). In sbaip contrast, gastro- 
cnemius muscles from AdCT-l-treated mice weighed nearly 
twice as much (131.7 ± 8.6 mg, n = 10) than tiiose of AdlacZ- 
injected mice (P < 0.001), and only 16% less than those of 
wild-type mice (P = 0.04). These data suggest that CT-1 treat- 
ment slowed muscle atrophy. 

Next, cross-sections of gastrocnemius muscles were stained 
for myofibrillar ATPase (Bg. 5). In untreated mice, neurogenic 
muscle atrophy was observed with the presence of angulated 
small atrophic fibers surrounded by hypCTtrophic fibers. Both 
medial and lateral parts of the gastrocnemius muscle were 
affected. The presence of a few muscle fibers with central 
nuclei indicated a certain extent of muscle regeneration. 
However, we did not observe changes in either the proportion 
of fiber type or fiber type grouping (data not shown). CT-1 
treatment maricedly reduced den»vation atrophy. Only rare 
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angulated atrophic fibers were observed in the medial and 
lateral gastiotMiemius of AdCT-l-treated mice. We next 
irteasured the fiber diameter of about 150-200 fibers per 
mouse in the lateral part of the gastrocnemins. A decrease in 
the mean fiber diameter was apparent in untreated SOD mice 
(mean ± SEM: 20 J, ± 0.8 jim, n = 3) as compared with normal 
mice (40.6 ± 0.6 pm. n ~ 3). The size distribution in tmtrcated 
mice demonstrated significant atrophy with a high nmnber of 
very small fibers (38.2% <12 |im) and the presence of some 
hypeitrophic fibers with a diameter snperior to normal value 
(4.7% >60 \ud). After CT-l treatment (n = 3), the fiber size 
distribution was much more uniform and close to normal, 
although ttie mean diameter was reduced (21.5 ± 0.3 |Jin)- 

In order to further confirm tluit CT-1 treatment reduced 
muscle denervation, muscle cross sections were treated for 



non-specific esterase staining and positive fibers were counted. 
Strong esterase activity was observed in 38.3 ± 4.8% muscle 
fibers from untreated SODl^^ mice (total number of fibers, 
n = 320>, whereas only 0.6 ± 0.3% fibers (n = 1008) were 
stained in AdCT-l-trcated SODl^^ mice and no estcrase- 
positive fibers were observed in noimal mice (Fig. 5). 

Axonal degeneration in SODl^^ mice has been demon- 
strated in the ventral lumbar roots and in the phrenic nwve at 
end-stage disease (2,26). Here, we cptmted myelinated axons 
in phrenic nerves of mice aged 130 days (Fig. 6). Phrenic 
nerves of AdCT-l-treated SODl^^ mice contained 30% more 
myelinated fibers than control SODl^^ mice (AdCT-1, 
200 ± 6, n = 10; AdLacZ, 153 ± 7, n = 10. P < 0.001). 

DISCUSSION 

Skeletal muscles transduced with an adenoviral vector were 
used to deliver CT-1 to motoneuron terminals, supplying them 
with a continuous source of biologically synthesized neuro- 
trophic factor. We have already shown that such gene therapy 
approach was effective in slowing down motoneuron ceD body 
and axonal degeneration in the pmn mice (21). Untreated^ these 
mice suffer fiom progressive motor nenronopathy witii 
prominent axonal degeneration and muscle atrophy. Lower 
motoneuron cell death is observed in end-stage disease mainly 
in the facial nucleus and to a lesser extent in the lumibar spinal 
coid (17,20^7). However, the mechanism by which 
pmn motoneurons undergo cell death is unknown since the 
pmn mutation remains undiscovered. Here, mice transgenic for 
a mutated form of the himxan SODl gene (SODl^^} 
associated with FALS provided an ideal model to test our 
experimental tiicn^eutic approach for ALS. Loss of lower 
motoneurons in the spinal cord leads to hindlimb tremor, 
muscle wasting and progressive muscle atrophy resulting in 
death at 5 to 6 months of age. Direct intramuscular injection of 
the AdCT-1 vector results in efBcient and stable expression of 
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CT-1 in muscles for at least 210 days, resulting in CT-1 
activity in bloodstreatrL General behavior of AdCT-1 -treated 
mice, as measured by body weight, was improved in end-stage 
disease. Furthermore, CT-1 delayed the onset of severe motor 
deficits as evaluated by improved performance iu the rotarod 
test The decline of EMG parameters was also significantly 
delayed. Both CMAP amplitude and distal motor latency were 
improved by AdCT-l injection. We conclude that CT-1 
overexpression is able to slow down degradation of the 
neuromuscular function in FALS transgenic mice. 

At the age of 130 days, the weight of gastrocnemius muscle 
in untreated SODl°^^ mice was half that in nonnal mice in 
accordance with previous observations (28). In contrast, 
muscle atrophy was slowed dramatically after CT-1 treatment, 
although some cytokine cachexic effects have probably 
resulted in loss of muscle fiber area (29.30). Histological 
observations confirmed that neurogKiic atrophy was clearly 
reduced by CT-1 treatment Several hypotheses might explain 
this effect CT-1 expression may have stimulated sprouting 
which might increase innervation of muscles and protect them 



against atrophy. However, we did not observe any changes in 
the fiber typing pattern in gastrocnemius muscles. 
Furthermore, our observation of terminal innervation in inter- 
costal and abdominal muscles, either at the 130th day or at the 
terminal stage of the disease (data not shown), did not support 
tiiis hypothesis since sprouting or blanching of terminal axons 
did not seem to be increased compared to untreated mice. 
Another hypothesis is that CT-1 may have protected muscles 
from deuCTvation by slowing down motoneuron and axonal 
degeneration. A dwiervation marker, strong esterase activity 
(31), was evident in untreated SOD mice, whereas it was nearly 
absent in AdCT-l-treated mice. We also observed an increased 
number of myelinated axons in phrenic nerves of CT-l-treated 
mice compared with control AdLacZ-injected SODl^^ mice, 
providing evideaice diat axoaal degeneration was clearly 
reduced by CT-1 treatment These results are consistent with 
our previous obsM^ations in pmn mice, where the teraiinal 
innervation pattern appeared to be preserved by CT-1 gene 
delivery though no marked reinnervatioD was noted (21). Further- 
more, raised CMAP amplitudes in AdCT-l-treated mice indicate 
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that more muscle fibers were innervated (24). Altogether, these 
results suggest that CT-1 delays degeneration distally at the 
nerve terminals and neuromuscular jimctions» and thereby 
prevents tiie gradual decline in the size of flie motor units. 
Finally, myotrophic effects of CT-1 may have contributed to 
reduce muscle atrophy. Such myotrophic effects of CT-1 have 
been well described in cardiac muscle (32-34). but have not 
yet been reported in skeletal muscle. However, Ihey have been 
described for the related cytokines CNTF and LIF after nerve 
section (30,35) and, for CNTF, also in wobbler mice (36). It is 
also known that the LlFRp and gpl30 subunit receptors of die 
CT-1 receptor are expressed by skeletal muscle and Itial their 
expression is increased in denervated muscle (35). 

Recently, a myobjast-based GDNF gene therapy was apphed 
in SODl°^ mice (37). Myoblasts infected with GDNF retro- 
viral vectors, and thus secreting this factor, were grafted into 
hindlimb muscles of SODl^^ mice. This prevented loss of 
large diameter spinal motoneurons and delayed the onset of the 
disease. However, no effect on survival was reported. In our 
smdy, the mean lifespan of SODl'^^^ was increased after 
AdCTT-l injection although the observed gain of two weeks 
was relatively small. This result contrasts with the dramatic 
protective effects of CT-1 on axonal degeneration and muscle 
atrophy. Several hypotheses niight explain this discrepancy. 
First, survival pathways initiated by CT-1 might not be 
efficient enough to circumvent the apoptotic events activated 
very early in the SODl^^ disease (14). Second, the increased 
circulating CT-1 levels we measured in late stage animals 
mi^t not have been available at sufficient amounts to degen- 
erating motoneiuons. Indeed, axonal transport, which is 
unpaired in various ALS transgenic mice (38,39), might have 
lead to insufficient supply of the trophic factor to cell bodies 
thereby Hmiting its action. Finally, there is increasing evidence 
that subpopulations of motoneurons differ in their vulnerability 
to degeneration (40) and also in their response to trophic fee- 
tors (41)- In cell culture or during normal development for 
instance, CT-1 seems to be required only for the survival of 



subpopulations of motoneurons (42). In SODV^^ mice, some 
fast-type neuromuscular synapses are already lost around day 
50, whereas slow-type synapses resist until late phases of dis- 
ease (40). Our results indicate that CT-1 treatment did not sig- 
nificantly improve the earliest electromyographic abnormali- 
ties of SODl^^ mice but had pronounced effects on disease 
progression. It can thus be speculated that CT-1 protected 
selected subpopulations of degoierating motoneurons or 
neuromuscular synapses. 

In conclusion, we demonstrate that CT-1 gene delivery has 
neuroprotective effects in a transgenic mouse model of PALS. 
The results previously observed in the pmn model were 
confirmed in these mice. The mariced slowing of axonal degen- 
eration and muscle dracrvatioD leads to a protection against 
the loss of neuromuscular function and a delayed onset of 
severe motor dysfunction. These resnlte suggest that a similar 
tfaer^y resulting in continuous neurotrophic factor production 
by transduced skeletal muscles could also improve the course 
of ALS in humans. Associated perhaps with oth«- drugs that 
protect motoneuron cell bodies from apoptosis, OT-l gene 
tiierapy could be one of the promising innovative treatments 
that are anxiously awaited in ALS, today a largely imtreatable 
disease vidth an sqppalling prognosis. 

MATERIALS AND METHODS 
Animals 

Male transgenic mice with die G93A human SODl mutation 
(Gl hne) were provided by Transgenic Alliance (Saint-Geimain- 
sur-L*Ariiresle, Irance). Hie gene copy number was confirmed 
by Southern blot to be about 13-19 as previously shown (2). 
Male transgenic mice were mated with background-matched 
B6SJL/F) wild-type females (Kfa Credo, L'Arbresle, France). 
The progeny were genotyped by the polymerase chain reaction 
(PCR) amplification of toe DNA from 3-day-old animals. PGR 
primers used were: exon 3. 5^TrCTGTrCCCTrCTCACTGT-3' 
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and 5''TCCCCTrrGGCACTTGTATT-3'; exon 5, 5'-TG1T- 
GGGAGGAGGTAGTGATTA-3' and 5'-AGCAGAGTTGT- 
GTTAGTTTTAG-3'. Expected product sizes for exons 3 and 5 
were 5QQ and 760 bp, respectively. Intwnal PGR control was 
achieved by ampli^ing part of the mouse globin gene with 
primers, 5'-GATCATGACCGCCGTAGG-3' and 5'-CATGA- 
ACTTGTCCCAGGCTT-3' in the same reaction. Mice were 
killed at various time points for CT-1 gene expression analysis 
and histological measurements. All animal experiments were 
carried out in accordance with institutional guidelines for care 
and use of laboratory animals. 

Intrarauscular ix^ection of adenoviral vectors 

Constmction of AdCT-l and AdLacZ has been described 
previously (21.43). Briefly, the AdCT-1 vector drives the 
expression of murine CT-l cDNA fitted with Ihe PNGF signal 
peptide under the control of the RSV LTR promoter. Viruses 
were amplified in 293 cells and purified on CsG gradients 
according to standard me&ods (44). Titers were 3 x 10" PFU/ml 
for AdCT-1 and 1 .8 X 10" PFU/ml for AdLacZ. Neonate mice 
(5-6 days) were briefly anesthetized by hypothermia. Vectors 
were diluted tol x 10' PFU/100 of PBS and injected into 
three muscle groups, the gastrocnemius (25 |il each), the 
triceps brachii (15 each) and the long mnsdcs of the dorsal 
trunk (20 pJ). 

CT-J gene expression 

Transgene ejqiression was determined over the course of the 
(£sease. The gastrocnemius muscles were dissected and 
homogenized in RNA-B reagent (Bioprobe, Montreuil, 
France) for total UNA purification. RT-PCR analysis of 
adenoviral CT-l transcripts was performed with the specific 
primers described previously (21). Control RT-PCR reactions 
Were carried out using ^actin primers. CT-l bioactivity in sera 
was determined at 130 days of age using a survival assay of 
ciliary ganglion neurons essentially as detailed previously 
(45). Briefly, ciliary ganglion neurons firom 8-day-old chicken 
embryos were isolated, seeded in 96-wcll culture dishes and 
cultured in chemically defined medium to which sera or 
recombinant CT-l protein (R&D. Abingdon. UK) were added 
St various dilutions. Neuronal survival in triplicate wells was 
assessed 48 h after plating by adding the vital dye MTT and 
counting the blue cells having metabolized the MTT. 

Ons^ of iQOtpr dysAinction 

A rotarod (Letica LE8200, Italy) was used to evaluate motor 
function. Mice were placed on the rot^ng rod at 15 r.p.m. The 
time each mouse remained on the rod was recorded- If the 
moose remained on the rod for 3 min, the test was stopped and 
scored as 3 min. The test was performed twice and only the 
maximum time was taken into account Assays were done on a 
weekly basis from day 60-190. The onset of motor deficits was 
defined as the first day a mouse could not remain on the rotarod 
for 3 min. 

Electrophysiological recordings 

Evoked CMAP amplitudes were evaluated with a RACIA 
(M.EJ.. Montreuil, France) EMG apparatus as described 
previously (24). Mice were deeply anesthetized with 60 \ig/g 



sodium pentobarbital. The sciatic nerve was stimulated by 
single 0.2 ms supramaximal pulses through a concentric needle 
electrode (Dantec, 9013R0312, diameter 0.3 mm), and CMAPs 
were recorded from the medial part of the gastrocnemius with 
the same type of electrode. The peak-to-peak amplitudes and 
distal motor latencies of the evoked responses were measured 
three times in left and right muscles and averaged. Measure- 
ments were repeated every 10 days from 80 to 180 days of age 
in normal and SODl^^ mice. 

Histological examinatioD 

To evaluate nerve and muscle degeneration, mice were killed 
at 130 days of age and during end-stage disease. Nerves woe 
prepared as described previously (20). Briefly, nrice were 
deeply anesthetized and phrenic norves fixed in situ with 2.5% 
glutaraldehydc, 20 mg/m] sodium cacodylate before dissection. 
Nerves were post-fixed with osmic tctroxide and embedded in 
epoxy lEsitL 3 \im thick cross-sections, taken at a similar level 
fiom the diaphragm, were stained with p-phmylenediamine. 
Myelinated fibers were counted under light microscopy. 

Gastrocnemius muscles were dissected, weighed and frozen 
inrniediately in cooled isopoitane and stored at -80*C. Serial 
10 pm thick sections were stained for myofibrillar ATPase 
under acid (pH 4.35; pH 5.53) and basic (pH 10.4) conditions 
using standard methods to aBow identification of muscle fiber 
types I and n (46). ATPase stained sections were imaged using 
an image analysis system (Samba 2005 TTIN. Alcatel, 
France). The size of muscle fibers was assessed by measuring 
the ^smallest fiber diameter'. Typically. 150-200 fibers were 
analyzed for each mosde. Some cross-sectians were also stained 
for non-specific esterases using the a najXtq^l acetate method. 
Briefly, sections wmc fixed in citrate-acetone-formaldehyde 
solution and incubated in cholinesterase inhibitor (eserine 
10 HM) for 30 min at 4''C. AHex washing, sections were incubated 
in staining medium (0.1 M Trizma maleate. 2 mM sodium 
nitrite. 0.3 mg/ml Fast Blue BB base, 0.25 mg/ml a-napthyl 
acetate) for 30 min at 3VC protected fiom light After 
interisive washes, slides were counterstained in hematoxylin 
solution and mounted in aqueous medium. 

Statistical analysis 

Statistical analysis was performed using repeated measures 
analysis of variance (ANOVA), Differences between individual 
groups were evaluated using tiie Fisher post-hoc test 
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Charcot-Marte-Tooth disease (CMT) Is the most common inherited disorder of the peripheral nervous 
system, and mutations in neurofilaments have been linked to some forms of CMT. Neurofilaments are the 
major Intermediate filaments of neurones, but the mechanisms by which the CMT mutations induce disease 
are not knovm. Here, we demonstrate that CMT mutant neurofilaments disrupt both neurofilament assembly 
and axonal transport of neurofilaments In cultured mammalian cells and neurones. We also show that CMT 
mutant neurofilaments perturb the localization of mitochondria In neurones. Accumulations of neurofila- 
ments are a pathological feature of several neurodegenerative diseases, Including amyotrophic lateral 
sclerosis (ALS), Alzheimer's disease, Parkinson's disease, dementia with Lewy bodies, and diabetic 
neuropathy. Our results demonstrate that aberrant neurofilament assembly and transport can Induce 
neurological disease, and further Implicate defective neurofilament metabolism In the pathogenesis of 
human neurodegenerative diseases. 



INTRODUCTION 

Chatcot-Marie-Tooth disease (CMT) is a group of neuropa- 
tiiies that constitute the most common inherited disorders of the 
peripheral nervous system (1). Mutations in a ninnber of genes 
cause CMT (2-6), and mutations in ncuiofilanieot light chain 
have recently been demonstrated to cause a form of type- 2 
CMT (7,8). 

Neurofilaments ate the major intermediate filaments of 
neurones and in most mature neurones contain three suhunit 
proteins: neurofilament li^t, middle and heavy chains (NF-L, 
>JF-M and NF-H). As with other members of the intermediate 
filament femily, neurofilament proteins share a common 
structural organization that comprises a central a-heUcal rod 
domain that is flanked by N-tenninal head and O-terminal tail 
domains (9,10). The central rod domains facilitate the 
formation of coiled-coil oligomers that can then assemble into 
filamente of lOnm diameter; the N-terminal head domains are 
believed to regulate the assembly properties of the filament, and 
the C-terminal tail domains of NF-M and NF-H (w^ich are 
longer than that of NF-L) form side-arms that project firom the 



filament and appear to form interconnections between 
neurofilaments and other axoplasmic organelles (1 1—14). 

The mutations in NF-L that are associated with CMT involve 
a two-base conversion at codon 8 that results in a proline-to- 
atginine substitution and a single conversion at codon 333 tiiat 
substitutes proline for glutamine (7,8). Codon 8 resides witiiin 
the head domain, whereas codon 333 is situated in coil 2B of 
the central rod domain of NF-L. Both Pro8 and Ghi333 are 
highly conserved in mammals and Xenopus, which suggests 
that they are structurally and/or fimctionally important. 
However, the effects that these different CMT mutations have 
on neurofilament assembly and architecture are not known. 
Hei«, we demonstrate that both CMT NF-L mutant proteins 
disrupt neurofilament assembly and axonal transport. 

RESULTS 

We initially studied fee effects of the NF-L ProSArg and 
Gln333Pro mutations (NF-L^"*^'^ and NF-L*^^^'^'») on 
neurofilament assembly in transfected SW13— cells. These 
cells do not e^qness endogenous intermediate filament proteins 
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Ptgure 1. Assembly properties of buman and rat NF-L"*"**^ and NF-L'^"'^ 
in SW13— cdls. Cells -wrre co-tiansfccted wifli rat NF-M and NF-H, and 
human NF-L (A and B) human NF-L""*^ (y:-*>human NF-L^'^^ 
(G and H) rat NF-L^**^ a and J) or rat NF-L*>°»'*^ (K and L). (A), (O. 
(E), (GX 0) end (K) show NF-L labelled with NAHM; (B). (D), (F), (H). 
(J) and 0,) are labelled for NF-M/NF-H using antibody SMI32. Scale 
bar=25jnn. 

and so have been widely used to investigate neurofilament 
assembly properties (15-18). Transfection of human wild-type 
NF-L with NF-M and NF-H induced the formation of typical 
intermediate filament networks ^ig. lA and B), However, 
transfection of either nF-L^^ or nf-L*^"^^^ with NF-M 
and NF-H disrupted these networits and led to the formation of 
abnormal structures containing all three proteins (Fig. lO-H). 
These varied in appearance, with botli smaller, punctate bodies 
and larger aggregates being discernible; flame-shaped struc- 
tures were often seen with NF-L**"**"^ (Fig. IE and F). 



There is evidence that human NF-L displays different 
assembly properties to rodent NF-L in SW13- cells (19). 
Smce ProS and Gln333 are highty conserved, we created rat 
CMT NF-L^™^^ and NF-L^*"^"^ mutants and studied their 
assembly properties in SW13— cells. However, these rat CMT 
mutants also disn^ted neurofilament assembly in a similar 
manner to the human mutants (Fig. II— L). 

We next investigated the effects of the CMT mutations on 
neurofilament assembly in vivo by transfection of the mutants 
into rat cortical neurones. To distinguish transfected from 
endogenous NF-L, we utilized the human NF-L clones and 
detected these with a human-specific NF-L antibody, 
"nansfccted human wild-type NF-L localized to cell bodies, 
axons and dendrites, and higher-magnification images revealed 
that it co-assembled with endogenous NF-M into filaments 
(Fig. 2A-C). These findings are in agreement with 
previous studies of neurofilaments transfected into rat 
neurones (17^0-22). However, transfection of either 
NF-L^^ or NF-L°^^^^ both disrupted neurofilament 
architecture, hi cells transfected with tiie CMT mutants, 
transfected NF-L co-localized with endogenous NF-M 
(although occasional images indicated die presence of some 
NF-L-only-containing structures), but these mutant neurofila- 
ment proteins accumulated m the cell body or tbc cell body 
and proximal regions of neurites; the CMT mutants were 
rarely seen in more distal regions of axons. Abnormal 
neurofilament aggregates, reminiscent of those seen in the 
SW13— cells, were also commonly seen in cell bodies, and 
these were particularly noticeable in cells pressing Idgher 
levels of transfected CMT NF-L (as judged by intensity of 
fluorescence) (Figure 2D-G). Such aggregates were never seen 
in cells expressing wildr-type NF-L. 

Cells that are affected in CMT include sensory neurones 
in the dorsal root ganglion (DRG). We therefore studied the 
effect of expressing wild-type and CMT mutant NF-Ls in 
cultured DRG neurones. Transfected wild-type NF-L localized 
to cell bodies and axons in a similar .ft^hion to that seen 
in cortical neurones (Figure 3A and B). However, both 
NF-L^^ and NF-L*^^^^ again accumulated in cell 
bodies and proximal axons. In the DR.O neurones, the cell 
body accumulations generally appeared as a smgle aggregate 
(Figure 3C-F). 

To gain some insight into the polymeric form of NF-L'^*^ 
and NF-L°^"^, we prepared Triton X-lOO-insoIuble and 
-soluble fiactions fmm SW13— cells co-transfected with NF-M 
and NF-H and wild-type NF-L, NF-L*""**^ or NF-LG^^s^^Pn,^ 
and analysed the distribution of &e individual neurofilament 
proteins. Neurofilament proteins that are assembled into 
intermediate filaments are present in the Triton X-100- 
insoluble fiaction of such preparations. In these experiments, 
NF-L^^^ and kf-L^^^^^"* firactionated to the Triton 
X-lOO-Insoluble component at both ISOOOg (average) and 
lOOOOb^ (average) (Fig. 4). The pelleting of the mutant NF-Ls 
suggests that they are assembled into a polymeric form of 
higher order than the tetrameric stage. Thus, both CMT mutant 
proteins disrupt normal neurofiJament assembly in S W13— cells 
and neurones, but tiieir co-localization with NF-M/NF-H and 
presence in a Triton X-lOO-insoluble fizction indicate that this 
does not preclude co-assembly with other neurofilament 
proteins. 
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IHgiiic 2. Assembly pnqjerties of KF-L'"'"**^ andNF-L*^"**° in ret cortical 
Cells were transfcctcd Tvi* human clones fcr wild-type NF-L (A-C) 
fjp,j/n>tMi (D and E) or NF-L*^'^ (P and (AX (B), CD) and (F) aic 
lalwJlcd for NF-L using btunan-specifk: monodonaJ antibody anti-NF70; (Q, 
(E) and (G) are kheUed for NF-M nsiaj cobhit antibody NF-M-Qenn. Scale 
bars = 25jiia 



Neurofilament proteins are synthesized in cell bodies and 
then transported into and through axons (23-26). The 
restriction of NF-L^^ and NF-L^*^"^ to ceU bodies 
and proximal regions of axons in the transfbcted cortical and 
DRG neurones suggests that tiie inutHnts somehow disrupt 
axona! transport of neurofilaments. We therefore analysed the 
effects of die two CMT mutants on axonal transport of 
neurofilaments using a previously described assay (17). This 
assay involves monitoring movement of enhanced green 
fluorescent protein (EGFP)-tagged NF-M in transfected cortical 
neurones by fixation of cells at set time points and 
measurement of the distance travelled by the fluorescent 
EGFP->fF-M fi-ont. EGFP-NF-M oo-transfected with wild- 
type human NF-L travelled at a rate of —80 ^m/h (Fig. 5A). 
This is in close agreement with that previously calculated 
by us for cells transfected with EGFP-NF-M alone (17), 
and demonstrates that co-transfection with NF-L has little, 
if any, efiFect on the movement of EGFP-^>JF-M. However, 
co-transfection of either NF-L^^ or NF-L°''^^^'^ signifi- 
cantly reduced the distance travelled by EGFP-NF-M (Fig. 5B). 

fo a complementary study, we also analysed the effect of the 
CMT mutant NF-Ls on axonal transport of mitochondria by 
quantifying the distribution of mitochondria in a defined 
segment of axons. This approach has recently been successfully 




Plgiire 3. Afisemhly and transport properties of NF-L^''"^ and NF-L*^^ 
in rat DRO neurones. Cells were transfected with human clones for wild-'^^ 
KF-L (A and B) NF-L""**' (C and D) or NF-L^^^'^ (E and F}. (A), CO 
and (£) are labelled for NF-L using fatunan-specific manoclonal antibody 
anti-l>3F70; (B), (D) and (F) are labelled for NF-M using rabbit antibody 
NF-M-Clenn. Scale bar= 40 jim. 



used to study the effect of transfected tau on mitochondrial 
transport (27). To do so, we transfected DRG neurones with a 
jnaiker for mitochondria (Discosoma red fluorescent protein 
fijsed to the mitochondria targeting sequence fiom subunit 
Vll 1 of human cytochrome c oxidase, DsRjed2-KCto) (28) 
either alone or with human wild-type NF-L, NF-L^*^ or 
j^_Lain333Pro ^-.^jj^ transfectcd vn± DsRed2-Mito alone 
revealed that mitochondria were present in cell bodies and 
tiu-oughout the length of neurites (Fig. 6A and B) which is in 
agreement with other studies on the distribution of mitochon- 
dria in neurones (27). Similar images were obtained fix>m cells 
co-transfected with DsRed2-Mito and wild-type NF-L (Fig. 6C 
and D). However, mitochondria in cells co-transfected with 
DsRBd2-MitD and ehfaer NF-L^^ or NF-L°'°^"^ were 
clustered in cell bodies and proximal axons, with markedly 
fewer present in more distal regions of axons (Figure 6E-H). 
To quantify this, we coimted the number of mitochondria 
present in a defined segment of axons, 50-100 jim firom the cell 
body. These studies revealed that significantly fewer mitochon- 
dria were present in this region in cells co-transfected wilt 
either NF-L^**^ or NF-L'^^^^^" compared with cells 
transfected with wild-type NF-L (Fig. 61). TTius, the two 
CMT mutant neurofilament proteins inhibit axonal transport of 
both neurofilaments and mitochondria. 



DISCUSSION 

An increasing body of evidence suggests that disruptions to 
neurofilament metabolism are part of the disease process in a 
nimiber of neurodegenerative diseases. Two NF-L mutations 
have so fer been described as causative for CMT2. However 
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Figure 4. BiocTiBinical properties of NF-L*^"« and NF-L°'°^'^. TritoD X- 
100-insohible (H) and -soluble fTS) ftactkmfi were prepared from SW13— cdls 
transfected with NF-M and NF-H, and wild-type human NF-L, NF-L*^"^**** or 
NF.LOte333Pn.^ NT are noo-transfected ceDs. Fiacdons were pr^ared at 15 WOg 
(average) and lOOOOQg (average) as indicated. Fractianation of APP to die 
TtTton X-IOO-wlnhle con^KinEnt is shown as a controL Similar results viae 
obtained using rat KF-L 



NFL mutations in several further CMT families have now been 
identified and probably accotmt for ~2% of CMT kindreds 
(V Timmemun, personal communication). Aside &Dm these 
NF-L CMT2 mutations, mutations in NF-H have been shown to 
be a risk factor for amyotrophic lateral sclerosis (ALS) (29-3 1), 
and recently a mutation in NF-M has been linked to familial 
Parkinson^ disease (32). In addition, accumulations of 
neurofilaments are a pathology of several neurodegenerative 
diseases including ALS, Alzheimer^ disease, Parkinson^ 
disease, dementia witii Lewy bodies and diabetic neuropathy 
(for reviews see 26,33,34). Also, overexpression of neurofila- 
ment proteins, including peripherin, in transgenic mice can 
provide models of ALS (35-38), and modulating neurofilament 
expression alters disease progression in transgenic models 
of ALS caused by mutant superoxide dismutase 1 (SODl). 
(39-42). Interestingly, transgenic mice expressing a mutant 
NF-L m which codon 394 (close to the CMT2 codon 333 
mutation) is mutated from leucine to proline develop a 
particularly aggressive form of motor neurone disease (37). 
Finally, overexpression of peripherin has recently been shown 
to induce apoptotic death of neurones that is mediated 
by the proinflammatory cytokine tumour necrosis fector a 
CINF-a>(43). 

Disruption of axonal transport of neurofilaments is one of the 
earliest pathological features seen in these transgenic models of 
ALS (44-46), and this suggests that it is a primary pathogenic 
event that induces disease and not some end-stage epipheno- 
menon. It is tiius notable thai both CMT2 mutant NF-Ls disrupt 
axonal transport of neurofilaments. 



We also demonstrate that these mutant NF-Ls perturb 
transport of mitochondria into and through axons, leading to 
their accumulation in cell bodies and proximal axons. Neurones 
arc highly polarized cells wi4 organelles, vesicles and oflier 
protein complexes requiring transportation to their appropriate 
final destinations following synthesis. The distances involved 
in this transport can be considerable; for example, human 
motor neurone axons can exceed 1 m in length. The 
accumulation of mitochondria in ceU bodies and. proximal 
axons strongly suggests that the supply of metabolic energy to 
more distal regions of axons and dendrites is impaired in CMT. 
Hiis will perturb the functioning of kinesin and dynein family 
motors, which both require ATP, and, as such, disrupt the 
supply of essential axoplasmic components. It is likely tiiat this 
disruption is mechanistic in neuronal cell death in CMT. 
Indeed, mutation of BQFlbp (a molecular motor protein) has 
been shown to cause another form of type 2 CMT (47), and this 
further implicates axonal transport in flie disease process. 

Our results presented here, showing that two NF-L imitations 
linked to CMT disrupt neurofilament assembly and axonal 
ttansport, demonstrate that defective neurofilament metabolism 
can induce neurological disease. 

MATERIALS AND METHODS 

All of the experiments described in the Results section were 
performed at least three times with similar results. 

riasmids 

Expression plasanids for human and rat neurofilaments 
including EGFP-NF-M were as previously described (17,48). 
Mutants were prepared using Stratagene Quickcbange or 
Chameleon kits according to the manu&cturers' instructions 
Mutagenic oligonucleotides were S'-GTTCCTTCIAGCTACG- 
AGAGGTACTACTCGACCTCC-3' and 5'-GGAGGTCGAGT- 
AGT^CCTCTCGT^GCTGAAGGAAC-3' OiumanNF-L^**™**^; 
5'-GAAGCGCTGGAGAAGCCGCTQCAGGAGCTGGAGG-3' 
and 5'-CCTOCAGCTCCTGCAGCGGCITCrCCAGCGCITC-3' 
(human nF-L°^^^ S'-GTrCGTrCAGCIACGAGAGGT- 
ACTnTCGACCTCC-3' (rat NF-L''****^); 5'-GAAGCTCTA. 
GAGAAGCCGCTGCAGGAGCTGGAG-3' (rat NF-L^^^^'^. 
Mitochondria were visualized by -transfection with the vector 
pDsRed2-lvCto (Clontech). 

Cell culture, transfcction and immunoftuorcscence 
microscopy 

SW13— cells were grown in DMEKl containing 10% (vAr) feted _ 
bovine serum (FBS) supplemented with 2mM glutamine, 
lOOIU/ml penicillin and lOOng/ml streptomycin (Invitrogen) 
and transfected using Lipofectamiae 2000 Ctnvitrogen), essen- 
tially according to the raanufactuferls instructions. For immu- 
nofiuorescence studies, cells were cultured in 12-well plates 
(Falcon) on glass coverslips. Primary cortical neurones were 
obtained from El 8 rat embryos and cultured on glass coverslips 
coated witb poly-D-lysine in 12-well plates in Neurobasal 
medium and B27 supplement (Invitrogen) containing 100 lU/ml 
penicillin, lOOjig/nil streptomycin and 2mM glutamine. Cells 
were cultured for 7 days, and under these conditions were 
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almost exclusively neurones, as previously described by us and 
others (17,49). Cortical neurones were transfected using a 
Promega calcium phosphate Profection kit essentially as 
previously described (17,49,50). Cells were transfected with 
plasmid DNA prepared using an EndoFree plasmid kit 
(Qiagen). DRG neurones were obtained fixtm El 5 rat embryos 
and grown on jJoly-D-lysine- and laminin - coated coverslips in 
Neurobasal media and B27 supplement containing 100IU^al 
penicillin, 1 00 pgAnl streptomycin, 2 mM glutamine and 0. 1 pg/ml 
nerve growth factor (Sigma). Cells were transfected using 
Upofectamine 2000. Briefly, media from 7-day-old neurones 



grown in 12-well dishes was removed and replaced with 0.5 ml 
Optimem (Envitrogen) containing 2 (ig plasmid DNA and 3.5 jil 
Lipofectamine 2000, Cells were incubated for 4h, and the 
Optimem was then removed and replaced with the conditioned 
Neurobasal/B27 medium. 

Cells were fixed and processed for immunofluorescence 
microscopy 40 h post tiausfection. Briefly, cells wrare fixed in 
4% (w/v) paraformaldehyde in PBS for 20 min, permeabilized 
in 0.1% (w/v) Triton X- 100 in PBS for 10 min, blocked with 
5% (v/v) FBS/0.1% (w/v) Tween-20 in PBS for Ih, and then 
probed wi& primary antibodies diluted in blocking solution. 
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Elgnnfe 6. Abaraiit localization of mitochondria in 0RG neurones expressing 
NF-L*^**^ and mf-L^'''*^^. Cells were tiansfected with DsRcd2-Mito 
0s-VGt) either alone (A and B) or with human clones for wild-type NF-L 
(C and D), NF-L^^ (E and F) or NF-L*^^^ (G and H). (A), (d. (E) 
and (G) ikiaw DsRed2-Mito fluorescence; (B), (D), (F) and (K) show human 
NF-L. Scale bar— 40 ^m. (I) Quantification of mitocbondria dLstribmian in a 
scgmCDt of axon SO^un in length beginning 50 froni the cell body. 
E}q>ression of wild-^eNF-L has no eifecton lie distribution of mitochondria^ 
but expression of either NF-L'"""^ or >if-L^"^ signilicantly Cone-way 
ANOVA P-CO.00J) reduces nutodreodria numbers in this segment ^lor bars 
an; SEM. 



NF-L was detected using antibody NA1214 (Affiniti) and 
human-specific monoclonal antibody anti-NF70 (Chemicon). 
NF-M/NF-H were detected using antibody SMI32 (Stemberger 
Monoclonals Inc.) and NF-M using rabbit antibody NF-M- 
Cterm (Chemicon). Primary antibodies were then detected 



using goat anti-mouse or goat anti-rabbit immunoglobulins 
coupled to Oregon Green or Texas Red (Molecular Probes) and 
the samples were mounted in Vectashield (Vector Labs). Cells 
were examined using a Zeiss Axioskop niicroscope and images 
were collected via a CCD camera (Princeton Instruroejits). 

Analyses of bulk neurofilament transport 
in rat cortical neurones 

Bulk transport of neurofilaments was analysed using a 
previously described assay (17). Briefly, neurones cultinred 
for 7 days were co-transfected with EGFP— NF-M and human 
wild-type NF-L, NF-L^"*^^ or nf-L°^""^^, and the cells 
were then fixed in 4% paraformaldehyde as described above 
140, 200, 240 and 260 minutes post transfection. Cells were 
immimostained for human NF-L using antibody anti-NF70 in 
order to confirm co-expression, and images of EGFP— NF-M 
transfected cells were then collected (>30 images per time 
point) via a CCD camera. Measurements of the distance 
travelled by EGFP-NF-M were calculated using Metamorph 
image analysis software, hi these studies, measurements of the 
distance travelled by EGFP-NF-M were taken fiom the cell 
body to the fi:ont of the fluorescent signal and were of the 
longest distances in each neurone. The fluorescent fiont was 
taken as the most distal point at ^^ch fluorescence above 
background was detected. For neurites that exhibited branch- 
ing, measurements were of the major neurite as determined by 
length and brightness of fluorescence. Since we measured the 
distance travelled by EGFP-NF-M for <:300 |im &om the cell 
body, and since the average length of the major neurites in tiie 
transfected cortical neurones >700 |im, this assay of neurofila- 
ment movement is of transport within neurites and is not a 
reflection of EGFP-NF-M in neurite terminals and neurite 
growth rates [for fijrther discussion on this point see (17)]. To 
simplify presentation of the data and to facilitate comparisons 
between different e?q)eriments, the distance travelled by EGFP- 
NF-M at the first (140min) time point is adjusted to zero. 
Statistical analyses of neurofilament transport were performed 
using one-way ANOVA tests. 

Quantification of mitochondria in rat DRG neurones 

For analyses of mitochondria distribution, DRG neurones were 
transfected with the mitochondrial marker DsRed2— Mito either 
alone or in co-transfcctions with human wild-type NF-L, 
NF-L^^ or NF-L^^^^*^, and were fixed for analyses 40 h 
later. Following immunostaining for human NF-L with anti- 
NF-70 and Oregon Green-conjugated anti-roouse immunoglo- 
bulins, mitochondria were visualized using the Discosoma red 
fluorescent protein. Mitochondrial distribution was analysed 
using a modification of the method previously described for 
such analyses in N2a cells (27). Briefly, .images of transfected 
cells (>30 cells per transfection) were captaircd, and a defined 
area of axon, 50 nm in length beginning 50 pm. from the cell 
body was circmnscribed manually using Metamorph. The 
number of mitochondria in this segment of axon were then 
visualized and counted using the fiireshold fimction of 
Metamorph- Statistical analyses of mitochondria distribution 
were performed using one-way ANOVA tests. 
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Nenrofilament preparation, SDS-PAGE 
and immunoblottuig 

Triton X-lOO-in soluble and -soluble fractions were prepared 
ftom SW13- ceUs transfected with NF-L, NF-M and NF-H. To 
do so, cells were scraped into PBS containing 0.5% Triton 
X-100, 0.6 M KQ, 5niM EDTA, 5mM EGTA, 40Mg/ml 
leupeptin (Sigma) and Complete protease inhibitor cocktail 
(Roche), TTae cells were then homogenized using a motorized 
homogeniser and the sample was spun at either ISOOQg 
(average) for 15min or lOOOOOg (average) for SOmin. 
Supematants and pcUets were separated and prepared for 
SDS-PAGE by addition of SDS-PAGE sample buffer and 
beating in a boiling water bath. Equal proportions of these 
fractions, each representing the same number of cells, were 
analysed by SDS-PAGE and immunoblotting. NF-L, NF-M 
and NF-H were detected using antibodies NA1214, 
NA1216 and NA1211 (AfSniti) respectively. The amyloid 
precursor protein (APP), a membrane-associated protein that is 
soluble in Triton X-100, was detected using antibody 22C11 
(Roche Molecular Biochemicals), and was used as a control. 
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Diabetes has reached epidemic propor- 
tions in the Wescem world. In the Unit- 
ed States, 17 million individuals have 
diab^es, greater than 6% of the popula- 
tion (1). The morbidiiy and mortality of 
diabetes Is due to the development of 
both macrovascular and microvascular 
complications (2). Macrovascular com- 
plications including myocardial infarc- 
tion, stroke, and large vessel peripheral 
vascular disease are 2 to 4 times more 
prevalent in individuals with diabetes. 
The underlying common factor in 
macrovascular complications is die abil- 
ity of the diabetic condition to acceler- 
ate atherogencsis. Atherogenesis is a 
muldfectorial response of vessels to 
injurj^ both insulin resistance and ele- 
^^ted lipid levels, common in diabetes, 
are primary triggers of atherogenic 
injory (3). ITbe endotiieiium in diabaic 
arteries is also more prone to ariiero- 
genic injury, likely due to decreased pro- 
duction of endothelial nitric oodde^ 
known to be antiatherogehic, and 
increased production of plasminogen 
activator inhibitor-l (PAI-1) (4). While 
macro-vascular complications are com- 
mon among diabetics, diabetes-spedfic 
microvascular complications will even- 
tually affect nearly all individuals with 
diabetes. Diabetic retinopathy is the 
most common cause of adult blindness 

Address correspondence to: Eva L. Feldman, 
JDRF Center for the Study of ComplicanonS 
in Diabetes, and the Depaixment of 
Neurology, University of Michigan, 
4414 Kresge III, 200 ZinaPitcher Place, 
Ann Arbor, Michigan 48109, USA. 
Phone: (734) 763-7274; Fax: (734) 763-7275; 
E-mail: efcldman@>unuch.edu. 
Confiia of Interest: The author has declared 
tliat no conflict of interest exists. 
Nonstandard abbremations used: 
plasminogen activaror inhibitor-l (PAI-1); 
advanced ^ycation end-product (AGE); nerve 
growth £actor fNGF); neurotrophin-3 (NT-3). 



in the United Stares. Ninety percent of 
diabetics present evidence of retinopa- 
thy within 15 years of disease onset and 
approximately 25,000 new cases of dia- 
betes-related blindness are reported per 
year (5). Diabetes is also the leading 
cause of renal failure in the United 
States, accotmdng for 40% of new cases 
each year (6). Greater than half of all 
padents with diabetes develop neuropa- 
thy, a progressive deterioration of nerves 
resulting in peripheral and autonomic 
nerve dysfunction. As a result, diabetic 
neuropathy is the most common cause 
of nontraumatic amputations and 
autonomic feilure (7, 8). In his or her 
lifetime, a diabetic patient with neu- 
ropathy has a 15% chance of undergo- 
ing one or more amputations (9). 

What at% t^e mechanisms that 
underlie the development of 
microvascular complications? 

Similar to our understanding of 
macrovascular complications, it is 
becoming increasingly clear that 
microvascular complications share a 
common pathophysiology. , Animal 
and in vitro experiments over the last 
25 years have implicated four major 
patiivTays of glucose metabolism in 
tlie development of microvascular 
complications (10). These include: 1) 
increased polyol pathway activity 
leading to sorbitol and fructose accu- 
mulation, NAD(P)H-redox imbal- 
ances, and changes in signal trans- 
duction; 2) nonenzymatic glycation 
of proteins yielding advanced glyca- 
tion end-products (AGEs); 3) activa- 
tion of PKC thereby initiating a cas- 
cade of stress responses, and 4) 
increased hexosamine pathway flux 
(1, 2, 10, 11). While specific inhibitors 
of each pathway block one or more 
diabetic microvascular complications. 
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only recently has a link been estab- 
hshed that provides a unified mecha- 
nism of risstie damage. Each pathway 
becomes perturbed as a direct or indi- 
rect consequence of hyperglycemia- 
mediated superoxide overproduction 
by the mitochondrial electron trans- 
port chain. Either inhibition of super- 
oxide -accumulation- or-euglyc-emia- 
restores the metabolic and vascular 
imbalance and blocks both the initia- 
tion and progression of complica- 
tions (2, 10, 12). 

In tiie diabetic state, iinchecked 
superoxide accumulation and result- 
ant increases in polyol pathway activ- 
ity, AGE accumulation, PKC activity, 
and hexosamine flux trigger a feed- 
forward system of progressive cellu- 
lar dysfunction (Figure 1). In nerve, 
this confluence of metabolic and vas- 
cular distxurbances leads to impaired 
neural function and loss of neu- 
rotrophic support, and long term, 
can mediate apoptosis of neurons 
and Schwann cells, the glial cells of 
the peripheral nervous system 
(13-15). Decreases in nerve growth 
faccoT ^GF), neurorrophin-3 (KfT-3), 
cihary neurotrophic factor, and 
IGF-I in nerves from animals with 
experimental diabetes are well docu- 
mented and correlate with the pres- 
ence of neuropathy (16-18). 

Hedgehog proteins and 
diabetic neuropathy 

The elegant work of Calcum: and col- 
leagues in this issue of the Jd reports 
a decrease in desert hedgehog expres- 
sion in nerves from young adult rats 
with streptozotocin-induced diabetes 

(19) . Hedgehog proteins (sonic, 
desert, and Indian) are essential for 
normal nervous system development 

(20) . Desert hedgehog is found exclu- 
sively in the peripheral nervous sys- 
tem in Schwann cells and is impor- 
tant in peripheral nerve patterning 
(20). After 10 weeks of experimental 
diabetes, Calcutt et al observed a 
decrease in desert hedgehog gene 
expression. This decrease correlates 

' with several well established physio- 
logical and biochemical markers of 
experimental diabetes, including 
slowed motor and sensorynerve con^ 
duction velocities, decreased nerve 
blood flow, decreased pain threshold 
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Medianisms leading to neuronal degeneration in hypergfycemia involve reactive oxygen ^>ede5 (RDS) formation. The diabetic state produces impaired 
neurotropism, axonal cranspprt and gene expression through at least four major pathways, 1 ) Excess gjucose is dtverted away from glycolysis by the 
polyol pathway that depletes tvlADPH and cellular antioxidant capacity. 2) Glucose also may become roddijad and form AGEs that akcr extracellu- 
lar matrix, activate receptors that produce ROS intermediates, and alter intracellular protein ftincDon. 3) PKC becomes activatBd either directly by 
glycolytic intennediates or indirectly as shown as a second messenger for stress hormones, leading to increased vascular disease, inflammarion, and 
oxidative stress. 4) Partial glycolysis causes accumulation of glycolytic intermediates and leads to escape of fructose-6-phosphace along the hex- 
osamine pathway that increases vascular disease and fiirtiier ROS generation. These mechanisms are ultimately linked to superoxide production 
through increas«i glucose respiration that produces superoxide in the mitochondria and also activates the superrocide-producing NADH oxidase. 
GSSG, glutathione disulfide; TCA, tricarboxyiic acid cycle. 



in response to heat and/or formalin, 
and decreased NGB and neuropeptide 
levels. Thrice weekly injections of 
sonic hedgehog linked to an IgG 
fusion protein, beginning after 5 
weeks of experimental diabetes and 
continuing for an additional 5 weeks, 
restored motor and sensory nerve 
conduction velocities and both NGF 
and neuropeptide levels. There was 
no therapeutic effect on nerve blood 
flow or pain threshold levels. Mor- 
pho metric analyses of sciatic nerves 
revealed that diabetic animals had a 
decrease in medium sized myelinated 
fibers, which was restored by sonic 
hedgehog treatment. 



Combination therapy for the 
treatment of diabetic neuropathy 

While purely speculative, it is likely 
that restoration of hedgehog activity 
provided much needed neurotrophic 
support both directly, by activat- 
ing hedgehog downstream pathways 
and indirectly, by restoring NGF levels. 
As discussed above, hyperglycemia- 
induced decreases in neurotrophic fac- 
tors are well documented, with neu- 
rotrophic replacement frequently 
restoring one or more impaired nerve 
parameters to normal Administration 
of NGF restores neuropeptide levels 
and sensory amplitudes in expctimen- 
tal diabetes (17, 21); in parallel, NT-3 



normalizes nerve conduction slowing 
(22, 23) and IGF-I administration 
blocks the development of neuropathy 
and reverses impaired nerve regenera- 
tion (24, 25). When oxidative stress is 
induced in nerves of nondiaberic ani- 
mals by administering pro-oxidants, 
decreases in NGF and NT-3 are 
observed similar to chose reported in 
animals vn.th experimental diabetes 
(26). Antioxidant therapy in experi- 
mental diabetic neuropathy blocks 
the observed decreases in nerve NGF 
and restores nerve function (27). 
Antioxidant therapy also restores nor- 
mal blood flow and nerve conduction 
velocities in experimental diabetes 
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(11, 12, 28-32). Interestingly, neu- 
rotrophic factors may also serve as 
antioxidants axid this fiinction may- 
contribute to their role as possible 
therapeutic entities in diabetic neu- 
ropathy (33-36). 

Currently, there are no treatmencs for 
neuropathy other than treating the dia- 
betic condition per se. Our improved 
understanding of the pathogenesis of 
diabetic neuropathy should assist in the 
" development of newdierapies (7; 8, 10). ~ 
Clearly, therapeutic eflScacy in man will 
be more challenging than in animal 
models of experimencal diabetes. Dam- 
age to the nervous system by diabetes in 
man is more chronic, extensive, and 
severe (7, 8, 10). Several clinical trials 
have alreacfy Bdled to show improve- 
ment of diabetic neuropathy in patients 
with type 1 and 2 diabetes (reviewed in 
ref. 1). For example, there is no tiiera- 
peudc benefit of acet^-camitine, aldose 
reductase inhibitors, or NGF in human 
diabetic r^uropathy (1). What is re- 
quired is combination therapy. Similar 
CO how the oncolo^st approaches can- 
cer, die endocrinologist and/ or neurolo- 
gist could, in the fiiture, approach dia- 
betic neuropadiy. By bloddng multiple 
pariiway components (Figure 1), multi- 
ple causes of oxidative stress would in 
nimbeblocked, preventing nervous sys- 
tem injury. If coupled with additional 
antioxidant therapy or neurotrophic 
support^ this type of^romplicadon cock- 
tail** could provide the first effective 
treatment for diabetic neuropathy. 
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Editorials 



Diabetes and dementia 



Is the brain another site of end-organ damage? 
Simon Lovestone, PhD 

From the Department of Old Age Psychiatry, Institute of Psychiatry, De Crespigny Park, London, UK. 

Address correspondence and reprint requests to Dr. Simon Lovestone, Department of Old Age Psychiatry, 
Institute of Psychiatry, De Crespigny Park, London SE5 8AF, UK; e-mail: s.lovestone^op.kcl. ac.uk 

Diabetes meUitus (DM) is an appalling disorder — quiet enough at onset, but with a toU on the body 
that is immense, causing damage to eyes, limbs, kidneys, and heart Now Ott et al., in this issue of 
Neurology^ provide compeUiag evidence that the brain too is damaged and that type 2 DM increases 

risk of dementia.^ Such has been suspected for some time. Case-control and prospective studies have 

suggested that oogmtion is impaired in patients with diabetes, and cross-sectional studies, including 

•3 

the earlier report jfrom the Rotterdam group, have suggested that diabetes is a risk factor for 
dementia. What was needed was large, prospective, population-based studies examining diabetes as a 
risk fector for dementia. The study now rq)orted fulfills these demanding epidemiologic criteria 
amply, following a population of over 6,000 for up to 6 years, and demonstrating that the risk of 
dementia is nearly doubled in those with diabetes. 

It as seems to be the case, diabetes is responsible for causing dementia, then what is the mechanism? 
One obvious explanation would be that it is not the diabetes per se but the vascular complications of 
diabetes that result in neurodegeneration. Some earHer studies have found that diabetes increases the 
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risk of vascular dementia, although studies such as those tended to pass over the :fect that mixed 

vascular and AD paliiology is comatnon and vascular dementia in the absence of AD changes is rare. 
The Rotterdam study is unable to fully address v^^hether the dementia associated with diabetes was 
vascular in origin; although only a minority had vascular dementia according to well-recognized 
criteria, neuroimaging was performed in only a small proportiorL In any case, the distinction may not 
be important as it has become increasingly clear that vascular risk factors increase the risk of AD 

itself.^ Ultimately, it is only with neuropathologic studies that the influence of risk fectors on specific 
pathology can be answered, with one recent such study suggesting that diabetes does not increase the 

plaques and tangles of AD.^ 

Despite this, there are indications that the effect of diabetes on dementia is not, or at least not entirely, 
mediated through vascular factors. In the Rotterdam study, careful evaluation of cardiovascular risks 
was performed; these factors, although known to increase risk of dementia, did not accoimt for a 
significant proportion of the risk attributable to the diabetes. In other studies, adjusting for evidence of 

clinical vascular disease did not obliterate the effect of diabetes on cognitive impairment^ In one 
prospective study where a hypertension-diabetes interaction was observed, this was partial — whereas 
some of the effects of diabetes on cognition could be attributable to coexisting hypertension, there was 

some evidence of memory impairment in the diabetic group independent of vascular factors. 

If not by vascular factors, then how does diabetes increase risk? As in much basic AD research, the 
problem is not one of finding potential mechanisms bxit of eliminating them. The demonstration that 

insulin resistance is associated with risk" is important as it might suggest that it is not the long term 
sequelae of diabetes, such as cardiovascular abnormalities, that results in neurodegeneration, but 
something to do witi the action of insuhn or the regulation of glucose metabolism. Perhaps the 
mechanism is mediated through the advanced glycation end products associated with diabetes and 
found in AD brain in both plaques and tangles. Alternatively, the mechanism might be mediated 
through insulii^ signaling. Neuronal insulin receptor resistance and subsequent cerebral glucose 

metabolism abnormalities have been suggested,^ leading to the proposal that AD is 'Tsrain-type 

diabetes."-^ 

However, insulin signaling regulates more than glucose metabolism. In AD, neurofibrillary tangle 
formation correlates witia cognitive impairment and is associated with the loss of microtubules. 
Tangles form when the microtubule-associated protein tau self-aggregates in a highly phosphorylated 
form — a form that foils to bind and hence stabilize microtubules. Neuropathology suggests that tbe 
deposition of highly phosphorylated tau is one of the earliest signs of AD and cellular studies have 
demonstrated that in neurons one particular enzyme is predomiaantiy responsible for this 

phosphorylation — glycogen synthase kinase-3B (GSK.-3J3).-^ Returning in a satisfyingly complete 
circle to diabetes, GSK-3fi was discovered as a downstream target of insuUn signaling; insulin 
stimulates the PI3 kinase/protein kinase B (PKB) pathway, which in turn inhibits GSK-3JB. It follows 
that effective insulin signaling would be expected to reduce tau phosphorylation and increase the 

stability ofmicrotubules, and in cultured neurons, this is exactly what is found. Yet more excitmg 
evidence that insulin signaling through PKB is important in AD came from the recent demonstration 
of an interaction between the presenilin (PS) proteins and PKB. Mutations in PS-1 causing AD 

13 

decreased PKB activity leading to an increase in GSK-3B activity. 

That a failure of insulin signaling and mutations in PS-l both result in decreased inhibition of the 
tau-kinase GSK-3B is intriguing. An important question raised by these studies regards the effects of 
insuhn signaling on amyloid precursor protein metabolism, and fiirther work will be needed to 
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determine the place of insulin signaling in the cascade of events between amyloid formation and tau 
aggregation. Other questions relate to the interaction between diabetes and genetic risk factors. No 
doubt the Rotterdam group will examine the interaction between and diabetes in influencing 

risk, but other gene/intemal-environment interactions coxild be important. Another putative genetic 

risk factor for AD is the gene encoding angiotensin converting enzyme (ACE)^ and diabetologists 
have already noted that polymorphic variation in ACE predisposes to insulin resistance and influences 

end-organ response to diabetes.^'^ Might ACE be a common fector between AD and diabetes? 

Whether the epidemiology is linked with the molecular studies or not, one obvious conclusion from 

this important-studyjnight have-been-timt a new-therapeuticappioachiiad bjeen found. Jt jEW)iild J>e 

marvelous if we were able to proclaim tliat treating diabetes could be added to reducing blood 
pressure as a potential preventative strategy. Unfortunately, Ott et al. find the highest risk of dementia 
in those receivmg insulin. Being treated with insulin might simply be a surrogate marker for diabetic 
severity, but it does suggest that we will have to understand more of the mechanisms of this important 
association before the public health campaigns get going. 



Footnotes 

See also page 1937 
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Abstract 

Hiis review describes tiie cerebral complications of diatetcs melHtns ftom a Deuropsychological, neiarophysiological and 
neunjiadiological perspective. In addition, possible pa&ogenetic mechanisms are discussed. Neuropsychological stu<hcs ot 
diabetic patients generaUy leport modest deficits in learning and memory and information processmg. Notably m cldwly 
diabetic patients cognitive deficits may be more prominent Recent epidemiological studies show that m ti»e elderly djabetes 
is associated with an increased risk for dementia, Neurophysiological studies show increased latencies of evoked potentials 
and event-related potentials, Neuroradiological findings are enhanced peripheral and central cerebral atrophy, as well as tocai 

'''^Tpathophysiology of the effects of diabetes on the bram has not been fUlly elucidated The putative .involvement of 
cerehrJ metabolic and microvascular disturbances, shnilar t5^ those implicated m the pathogenesis of penph«^ diabetic 
neuropathy, is discussed In addition, the role of repeated hypoglycaemic episodes, cerebrovascular disease and hyp«ter^on 
is addressed Fmally, the potential differential effects of insulin dependent and non-insulin dependent diabetes on the bram 
are discussed, as well as possiTile links with brain agemg. © 1999 Elsevier Science BY. All rights reserved. 

Keywords: Diabetes melUtus; Brain; Cognitive fimctioii; Ageing; Evoked potentials; Magnetic resonance imaging 



Peripheral neuropathy is a well-known complica- 
tion of diabetes mellitus [1,2]. In recent years 
evidence is emerging that diabetes also affects the 
central nervous, system [3-5]. Bott acute and 
chronic metabolic and vascular disturbances can 
in^air the functional and stmctural integrity of the 
brain in diabetic patients. For example, diabetes 
increases tiie. risk for stroke [6,7] and stroke outcome 
is worse in diabetic patients [8]. In addition, hyper- 

0300-2977/99/$ - sec fitint matter © 1999 Elsevier Science BV. 
PII: S0300-2977(98)00134-X 



and hypoglycaemic episodes may result in acute 
cerebral dysfunction [9-11]. The consequences of 
these acute insults to the brain are well recognised 
and have been reviewed previously [8,11,12]. The 
present paper will focus on functional and structural 
cerebral alterations that develop more insidiously and 
tend to be more subtle. Recent neuropsychological, 
neurophysiological, and neuroradiological studies 
into the nature and the magnitude of the long-term 

I rights reserved. 



36 



G. Biessels / The Netherlands Journal of Medicine 54 (1999) 35-45 



effects of diabetes on the brain will be reviewed and 
possible pathogenetic mechanisms will be discussed 

Cerebral manifestations of diabetes 

Cognitive function 

Neuropsychological studies in diabetic patients 
have iBpoitEd variable perfonnance deficits on a 
wide range of cognitive tests. Problems witii learning 
and memory, problem solving and mental and motor 
speed have been noted [13-21]. The nature and 
severity of cognitive deficits in diabetic patients 
appears to be dependent on age and possibly also on 
the type of diabetes (insulia dependent diabetes 
(IDDM) versus non-insulin dependent diabetes mel- 
Htus (NIDDM)). 

Cognitive function in children with IDDM 

In diabetic children age at diabetes onset and 
hypoglycaemic episodes appear to be the prime 
determinants of cognitive changes; children and 
adolescents who develop diabetes before 5 years of 
age [22^3] and children who firequcntly experience 
hypoglycaemic episodes [23-25] are more likely to 
express cognitive deficits. Visual and spatial abilities 
may even be affected by asymptonoatic recurrent 
hypoglycaemia [24]. Disease duration and poor 
glycaemic control, as determined by HbAl values, 
may be additional factors influencing cognitive func- 
tion in diabetic children [22,26]. 

Cognitive function in adult IDDM patients 

In adult IDDM patients small but detectable 
reductions in mental efficiency have been reported 
repeatedly [22]. Severe deficits occur only m few 
patients [27]. The pattern of impairment across 
diSerent cognitive tasks tends to vary among studies 
[18]. This variation might be due to the relatively 
subtle nature of the cognitive deficits, as well as the 
heterogeneity of study populations. In addition, 
exposures to different risk factors such as firequcnt 
hypoglycaemic episodes, on the one hand, and 
chronic hyperglycaemia, on the other, may vary 
between patients, 

Glycaemic control plays a dual role in the preven- 
tion of cerebral complications in adult IDDM pa- 



tients. On the one hand poor glycaemic control, as 
reflected in increased HbAl values, is associated 
with cognitive dysfunction [22^28]. Moreover, the 
development of other complications associated with 
poor ^ycaemic control, such as peripheral neuro- 
pathy, is associated with cognitive dysfimction [16]. 
On the other hand, intensive treatment increases the 
fiequency of hypoglycaemic episodes [29^0], and 
may thus adversely affect the brain. In adult IDDM 
patients, the fiequency of severe hypoglycaemic 
episodes has been shown to be inversely correlated 
with performance in cognitive tests [19,22,31-34]. It 
should be noted, however, that such a correlation has 
not been demonstrated invariably [17,29,35] and that 
the relation between repeated hypoglycaemic epi- 
sodes and cognitive dysfunction remains subject to 
ongoing debate [36]. 

Cognitive function in NIDDM patients 

Compared to IDDM, neuropsychological studies 
in NIDDM patients have provided more consistent 
results (Review [20,21]). In NIDDM patients moder- 
ate degrees of cognitive impairment have been 
reported, particularly in tasks involving verbal mem- 
ory or complex information processing. Tasks that 
tap basic attcntional processes, motor reaction time 
and immediate memory appear to be unaffected 
[20,21]. Although the exact impact on daily func- 
tioning remains unclear, the feet that differences 
between NIDDM patients and age-matched controls 
can be detected with relatively crude tests such as the 
mental state examination [37-40], suggests that 
the deficits are not insignificant. 

Risk factors for cognitive dysfunction in NIDDM 
are increased HbAl and festing plasma glucose 
levels [41,42], elevated serum triglyceride levels 
[43], and the presence of peripheral neuropathy [41]. 
Since severe hypoglycaemic episodes are relatively 
uncommon in NIDDM patients [44,45], they do not 
appear to be a prime determinant of cognitive 
dj^fimction in NIDDM. 

Diabetes, hyperinsulinaemia and impaired glucose 
tolerance in the elderly 

The prevailing view of the studies that have been 
discussed thus far is that cognitive functions can be 
impaired in diabetic patients, in particular those with 
NIDDM, but that the impact of these impairments on 
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day-to-day functioning appears to be limited. Al- 
though this conclusion may be valid for relatively 
young (age < 70 years) patients, it does not appear 
to hold true for the elderly. Recent epidemiological 
studies in elderly subjects have demonstrated an 
association between diabetes and dementia [46,47]. 
This association was evident for Alzheimer's disease 
(relative risk in diabetic patients -1.5 [46,47]) as 
well as for vascular dementia (relative risk in dia- 
betic patients -2 [46]). These findings are in line 
with previous studies in elderly diabetic patients 
which show relatively marked deficits in cognitive 
functions compared to age matched controls [38— 
40,48-50]. The reasons why the effects of diabetes 
on the brain appear to be more prominent in the 
elderly are tmclear. Importantly, cognitive functions 
in the elderly may be impaired in subjects with 
newly diagnosed diabetes [38], as well as in subjects 
with impaired glucose tolerance [38,51] and/ or 
hyperinsulinaemia [38,51-53]. These observations 
indicate that the effects of diabetes on the brain in 
the elderly may be related to an increased vul- 
nerability of the ageing brain to the diabetic con- 
dition rather than to a prolonged exposure to dia- 
betes. Although at present there is insuflficient evi- 
dence to support a causal relationship between 
alterations in glucose metabolism and cognitive 
dysfunction in the elderly, recent studies implicating 
inqjaired glucose handling in the pathophysiology of 
Alzheimer's disease [54,55] stress the necessity of 
further investigations into the relation between glu- 
cose, insulin and the brain. 

The question arises whether cognitive impairments 
in diabetic patients may reflect a central equivalent 
of peripheral diabetic neuropathy. The next section 
of this review will describe neurophysiological and 
neuroradiological- evidence for the existence of such 
a * central neuropathy', or encephalopathy. It should 
be considered, however, that in addition to such an 
encephalopathy other fectors might influence cogni- 
tive function in diabetic patients. For example, the 
prevalence of psychiatric disorders, in particular 
depressive and anxiety disorders, is increased in both 
IDDM and NIDDM [56,57]. This increased preval- 
ence of depression in diabetes can result from an 
inabiUty to cope with the stresses associated with 
diabetes, but alterations in monoaminergic function 



in the brain that are known to be associated with 
diabetes could also be involved [57-59]. 

Electrophysiological abnormalities 

Evoked potentials 

Evoked potentials are the electrophysiological 
manifestetions of the brain's response to an external 
stimulus, such as a flash of hght or a sound click. 
Measurement of the latency of evoked potentials of 
different modalities, including visual evoked poten- 
tials (VEPs), brainstem auditory evoked potentials 
(BAEPs), and somatosensory evoked potentials 
(SSEPs), have been widely used to examine the 
functional integrity of the central nervous system in 
diabetic patients [60]. 

In the BAEP five waves can be distinguished, 
designated wave I through V. Wave I, HI and V are 
considered to reflect activity in the acoustic nerve, 
the pons and the midbrain, respectively [61]. In both 
IDDM and NIDDM patients the latency of wave I 
[62,63], as well as the interpeak latencies I-IH and 
m-V, were increased [63-66]. The latency of the 
VEP PI 00 wave, which is thought to be generated in 
the visual cortex [67], was increased botii in IDDM 
and in NIDDM patients [62,68-70]. PlOO latencies 
correlated positively with the duration of diabetes 
and HbAl levels [71,72] and could be improved by 
intensive insulin treatment [70]. 

Studies on SSEPs in diabetic patients have pro- 
vided more variable results. Increased latencies of 
the central components of the SSEP have been 
reported [73], although most studies have only found 
significant conduction delays in peripheral compo- 
nents of the somatosensory pathways [66,74,75]. 

Event-related potentials 

In addition to evoked potentials, the latencies of 
event-related potentials, such as the P300 wave are 
increased in both IDDM and NIDDM patients 
[13,76-78]. The P300 wave is a late cortical neuro- 
physiological event associated with cognitive and 
mnemonic functions [79,80]. It is considered to 
reflect neuronal events underlying information pro- 
cessing and is strongly associated with attention and 
short-term memory [79,80]. The increased P300 
latency in diabetic patients may reflect impairment of 
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higher brain functions, thus providing a link between 
electrophysiological and cognitive impainnents. 

Neuroradiological changes 

Several studies have identified diabetes as a risk 
fector for the development of cerebral atrophy and 
focal white matter lesions (e.g. [81-83]). These 
observations have been substantiated in studies that 
specifically compared IDDM and NIDDM patients to 
age-matched controls. Cerebral atrophy, diagnosed 
on the basis of widened sulci and/ or enlarged lateral 
ventricles, was more prevalent in diabetic patients 
[84-86]. In addition, focal lesions were observed in 
69% of a group of IDDM patients, whereas compar- 
able lesions were observed in only 12% of an age- 
matched control group [83]. It has been suggested 
that the radiological appearance of the brain in 
diabetic subjects mimics that of normal ageing, but 
appears to develop at a younger age than in non- 
diabetic subjects [85]. 

Pathogenetic mechanisTns 

The aforementioned studies demonstrate that dia- 
betes can impair cerebral function and structure. 
Several pathogenetic mechanisms could be involved 
Firstly, factors that are also implicated in the patho- 
genesis of peripheral diabetic neuropathy could play 
a role. Secondly, as the neuropsychological and 
neuroradiological alterations in diabetes mimic those 
observed in the ageing brain [21,85], and as elderly 
individuals appear to be more susceptible to the 
effects of diabetes on the brain than younger sub- 
jects, it may be suggested that diabetes interacts 
with, or accelerates, the ageing process of the brain. 
Thirdly, risk factors for cerebrovascular events such 
as hypertension and atherosclerosis may be involved 
[87-89]. Finally, repeated hypoglycaemic episodes 
could play a role, in particular in IDDM [22,36]. 

The next part of this review focuses the afore- 
mentioned pathogenetic mechanisms. Studies into 
the pathogenesis are mostiy based on animal models, 
in particular the streptozotocin (STZ)-induccd dia- 
betic lat and the BB/Wor rat. STZ destroys pan- 
creatic p-ceHs relatively selectively, leading to in- 
suhn deficiency and hyperglycaemia [90]. In the 
BB/Wor rat diabetes develops spontaneously, sec- 



ondary to an immime-mediated destmction of the 
P-cells [91]. These models of IDDM have beeii used 
extensively to examine the pathogenesis of peripher- 
al neuropathy (Review [92]), hut can also be used to 
study the effects of diabetes on the brain [93,94], 
Thus fer, few smdies have employed animal models 
of NIDDM. 

Links with the pathogenesis of diabetic neuropathy 

The pathogenesis of peripheral diabetic neuro- 
pathy is multifactorial, involving metabolic changes 
[95], neurovascular dysfunction [96] and changes in 
trophic support [97]. Metabolic changes include an 
increased flux of glucose through the polyol path- 
way, leading to accumulation of sorbitol and fiiictose 
and depletion of myo-inositol [95]. Other metaboUc 
changes are an enhanced non-enzymatic glycation of 
neural proteins [98] and an imbalance in the genera- 
tion and scavenging of reactive oxygen species [99]. 
Vascular changes include reductions in nerve blood 
flow [100,101] leading to a decreased endoneurial 
oxygen tension [102]. Metabolic and vascular 
changes may be linked to reductions in peripheral 
nerve conduction velocity through reductions in 
Ka'^/K'^-ATPase activity, leading to alterations in 
transmembrane ion gradients [103,104]. 

Like in tiie peripheral nervous system, increased 
glucose levels in tiie brain [105-107] lead to en- 
hanced polyol pathway flux [108] and accumulation 
of sorbitol and jfructose [109,110]. However, sorbitol 
and fiiictose levels ^pear to be lower than in 
peripheral nerves [109,110]- Remarkably, brain myo- 
inositol content is increased in diabetic rats [110], 
contrasting the myo-inositol decrease in peripheral 
- nerves [95]. Enhanced non-enzynoatic glycation of 
neuronal and non-ncuronal proteins has also been 
demonstrated in the brain and spinal cord of diabetic 
rats [98,111,112], although the levels of glycation 
products in the central nervous system appear to be 
much lower than in peripheral nerves [98,113]. Also, 
increased concentrations of lipid peroxidation by- 
products, indicative of oxidative damage, have been 
demonstrated in the cerebral microvasculature and in 
brain tissue of diabetic rats [114-116]. Furthermore, 
tiie activity of superoxide dismutase and catalase, 
enzymes involved in the antioxidant defence of tiie 
brain, is decreased [116,117]. 
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Functional and structural alterations ia the cerebral 
microvasculature of diabetic animals include thicken- 
ing of capillary basement membranes, decreased 
capillary density [118-120] and regional decreases 
in cerebral blood flow [121-123]. In diabetic pa- 
tients thickening of cerebral c^Ulary basement 
-membranes [124,125] as well as regional decreases 
[126,127] and increases [128,129] in cerebral blood 
flow have been reported. 

Links with the pathogenesis of brain ageing 

Several processes that have been implicated in the 
pathogenesis of diabetic complications are also im- 
plicated in brain ageing, including oxidative stress, 
non-enzymatic protein glycosylation and ischaemia 
[130,131]. 

Increased oxidation of proteins and lipids has been 
demonstrated in the brains of ageing rodents 
[132,133] and humans [134]. Ageing is also associ- 
ated with an accumulation of advanced glycosylation 
end products (AGEs) in various tissues, possibly as a 
result of lower protein turnover [130]. Interestingly, 
the formation of AGEs is associated with the in- 
creased production of reactive oxygen species 
[130,135], thus linking non-enzymatic glycosylation 
to increases in oxidative stress. Finally, brain capil- 
laries may undergo progressive degeneration during 
ageing, caused by amyloid deposits, thickened base- 
ment membrane, and reduced vessel elasticily 
[136,137]. In the long term, capillary abnormalities 
may lead to increased capillary resistance, which in 
turn can affect cerebral blood flow. The adverse 
effects of oxidative stress, AGEs and ischaemia may 
be partially mediated by disturbance of neuronal 
calcium homeostasis [131,138], Sustained alterations 
in neuronal calcium homeostasis are suggested to 
present a final common pathway in the development 
of the neuropathological changes associated with 
brain ageing [139,140]. Like ageing, diabetes is 
associated with impairment of neuronal calcium 
homeostasis [131,141]. 

Obviously, the relative contribution of ischaemia, 
oxidative stress, the formation of AGEs and dis- 
turbance of neuronal calcium homeostasis in brain 
ageing and the development of cerebral complica- 
tions of diabetes differs. However, the similarities 
are apparent and may explain part of the increased 



susceptibility of elderly diabetic patients to the 
effects of diabetes on the brain. 

Cerebrovascular alterations 

Diabetes is associated with an increased preval- 
ence of hypertension [142,143] and cerebrovascular 
disease [12,144]. Cerebrovascular disease mcreases 
the risk of stroke [145] and may lead to haemo- 
dynamic alterations [12]- These haemodynamic alter- 
ations are reflected in the aforementioned regional 
alterations in cerebral blood flow. In addition, cere- 
bral vasoreactivity is impaired in diabetic patients 
[146-148]. Cerebral vasoreactivity, and accompany- 
ing changes in blood flow, are important compensat- 
ory mechanisms during conditions such as hypo- 
glycaemia, hypotension, hypoxia and hypercapnia. 
Loss of these compensatoiy mecharusms may have 
detrimental effects on the braiiL 

Hypertension may play both an indirect and a 
direct role in the pathophysiology of cerebral corrrpli- 
cations of diabetes. Hypertension accelerates the 
development of cerebrovascular disease [149]. In 
addition, hypertension predisposes to cognitive im- 
pairment in botii non-diabetic [53,150] and diabetic 
[151] elderly. The pathophysiology of the effects of 
persistent hypertension on the brain is only partially 
understood. However, in flie context of this review it 
is important to note that hyperinsulinaemia appears 
to potentate the adverse effects of hypertension on 
the brain, even in non-diabetic subjects [53]. 

Effects of kypoglycaemia 

Cognitive changes that accompany a single epi- 
sode of hypoglycaemia are considered to be transient 
[17]. However, repeated episodes of hypoglycaemia 
may lead to cumulative damage to the brain, causing 
permanent cognitive impairment [32^3], Selective 
neuronal damage during hypoglycaemia has been 
shown to result from over-activation of a subtype of 
excitatory amino add receptor, the AT-methyl-D-as- 
partate(NMDA>receptor. which is one of the main 
excitatory amino acid receptors on cerebral neurones 
[152]. NMDA-receptor over-activation leads to 
pathologically enhanced levels of ffee intracellular 
calcium [153,154], in turn leading to loss of nuclear 
and mitochondrial function and activation of pro- 
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teases and other calcium dependent enzymes [154- 
156]. 



Conclusions 

Long-term diabetes mellitus can lead to cerebral 
disorders. Manifestations of these disorders include 
cognitive dysfunction, electrophysiological abnor- 
malities and structural changes. The effect on daily 
functioning is generally assumed to be limited. 
However, in elderly diabetic patients impaired per- 
formance can be detected with tests like the mini 
mental state examination [37-40,48], suggesting that 
the deficits are not trivial. Moreover, epidemiological 
studies indicate that elderly diabetic patients are at 
increased risk for developing dementia [46,47]- The 
notion that the effects of diabetes on the brain are 
most marked in tiac elderly and mimic the effects of 
ageing provide a challenge for the clinician: the 
effects of diabetes need to be distinguished from 
those of 'normal ageing* to avoid un(terestimatioii of 
the impact of the effects of diabetes on the brain. 

Thus far fewer studies have addressed the reversal 
of cognitive deficits in diabetic patients. Preliminary 
studies show that cognitive functions may improve 
with glycaemic control ia elderly NLDDM patients 
[157-159]. It should be considered, however, that 
the balance between the potential harmful effects of 
chronic hypcrglycaemia on the one hand and of 
repeated hypoglycacraic episodes on the other is 
dehcate. In addition to optimising glycaemic control, 
increasing insight into the pathogenesis and identify- 
ing risk fectors for cerebral dysfunction in diabetes 
may lead to the development of additional preventive 
and interventional measures. One of the key ques- 
tions that needs to be answered is why the effects of 
diabetes on the brain appear to be more pronounced 
in the elderly. There are several possible explana- 
tions. Firstly, the aging brain may be more sensitive 
to the effects of diabetes due to a reduced * cognitive 
reserve capacity* as a result of the wear and tear of 
ageing. In favour of this explanation is the finding 
that young adult IDDM patients express neuro- 
. physiological and neuroradiological deficits which 
are qualitatively similar to those in MDDM patients, 
but do not appear to express cHnically significant 
cognitive deficits. Alternatively, the pathogenetic 



processes of ageing and diabetes may interac^ as 
was discussed in the previous section of this review, 
leading to an accelerated cognitive decline in the 
elderly. Finally, differences in the pafliopbysiology 
of IDDM and NIDDM may provide an explanation 
for the differential functional deficits in different age 
groups, as NIDDM is by far the most common form 
of diabetes in the elderly, whereas IDDM is the most 
common form in the younger population. For exam- 
ple, given the clustering of hyperinsulinaemia/in- 
sulin resistance with dyslipidaemia and hypertension 
m NIDDM [160,161], support for this latter hypoth- 
esis could be provided by the observation that 
hyperinsulinaemia potentiates the adverse effects of 
hypertension on the brain [53,151]. Moreover, even 
in relatively young NIDDM patients the pattern of 
cognitive deficits appears to be more consistesnt than 
in IDDM [76.162], Still, as yet it remains uncertain 
whether ageing itself or differences in the patho- 
physiology of IDDM and NIDDM are the main 
determinant in the enhanced effects of diabetes on 
the brain in the elderly. The elucidation of the 
complex interplay between IDDM, NIDDM and 
ageing will provide a key challenge for future studies 
into the effects of diabetes on the braiiL 



References 

[1] Dyck PJ, Kratz KM, Karnes SU et al. The prevalence by 
staged severity of various ^pos of diabetic neuropathy, 
retinopafliy, and nephropathy in a population-based cohort 
the Rochester Diabetic Neuropathy Study. Neurology 
1993;43:817-24. 

[2] Vinik AI, Holland MT. Le Beau JM, Liu2zi FJ, Stansbeny 
KB, Colon- LB. Diabetic ucuropalhies- Diabetes Care 
1992;15:1926-75. 

[3] McCall AL, The impact of diabetes on tlw CNS. Diabetes 
1992;41:557-70. 

[4] Mooradian AD. Diabetic complications of fee central ner- 
vous system. Endocr Rev 1988;9:346-56. 

[5] Biesscls GJ, KappeUc AC, Bravaiboer B, Eacdens DW. 
Gispen WH. Cerebral function in diabetes mellihis. Dia- 
betologia 1994;37:643-50. 

[6] Rochmholdt ME, Palumbo PJ, Whisnant JP, Elvcback LR- 
Transient ischemic attack and stroke in a community-based 
diabetic cohorL Mayo Clin Proc 1983;58:56-8. 

[7] Abbott RX>, Donahue RP. MacMahon SW, Reed DM. Yano 
K. Diabetes and the risk of stroke. The Honoluh) Heart 
Program. JAMA 1987;257:949-52. 

t8] Bdl DS. Stroke in flie diabetic patient Diabetes Care 
1994;17ai3-9. 



G. Biessels I Tfte Netherlands Journal of Medicine 54 (1999) 35-45 



41 



[9] Foster DW. Diabetes Mellitus. In: Wilfion J0, BraonwaW E, 
Isselbacher KJ, editors. Harrison's principles of internal 
medicine. 12th ed. New Yoilc: McGraw-^U Inc., 
1991:1749-53. 

[10] Heller S, Ward ID. Keurologic consequences of hypo- 
glycemia and pathogenic mechanisms involved in diabetic 
neuropathy. Cutt Opin Neurol Neurosurg 1993;6:423-8. 

[11] Ciyer PE, Fisher JN, Sbamoon H. Hypoglycemia. Diabetes 
Care 1994;17:734-55. 

[12] Biller J, Love BB. Diabetes and stroke, Med Clin Nortii Am 
1993;77:95-110. 

[13] Mooiadian AD, Fenyman K, Fitten T, Kavonian GD, Morlcy 
JR Cortical fiinction in elderly non-inSulin dependent dia- 
betic patients. Behavioral and electrophysiologic studies. 
Arch Intern Med 1988;148:2369-72. 

[14] Bale RN. Biain damage in diabetes mellitus. Brit J Psychiat 
1973:122:337^1. 

[15] Cox DJ. Gonder-Fredericlc L. Major developments in be- 
havioral diabetes research. J Consult Clin Psychol 
1992;60:628-38. 

[16] Ryan CM. WilHaiiis TM. Orchard TJ, Finegold DN. Psycho- 
motor slowing is associated with distal symmetrical poly- 
neuiopafliy in adults with diabetes mellitus. Diabetes 
1992;41:107-13. 

[17] Ryan CM. Wniiams TM. Finegold DN, Orchard TJ. Cogni- 
tive dysfunction in adults with type 1 (insulin-dcpendeait) 
diabetes mellitus of long duration: effects of recurrent 
hypoglycaeroia and ofter duonic complications. Dia- 
betologia 1993;36:329-34. 

[18] Richardson TT. Cognitive function in diabetes mellitns. 
Neurosci Biobehav Rev 1990;14:385-8. 

[19] Deaty U, Crawford JR, Hepburn DA, Langan SJ, Blackmore 
LM, Frier BM Severe lypoglycemia and intelligence in' 
adult patients with insulin-treated diabetes. Diabetes 
1993;42:341-4. 

[20] Stradian MWJ, Deary U, Ewing FME, Frier BM. Is type H 
diabetes associated with an increased risk of cognitive 
itysfunction? A critical review of published studies. Diabetes 
Care 1997;20:438-45. 

pi] Tun PA, Naftan DM, Perhnuter LC Cognitive and affective 
disorders in eldcrty diabetics. Clm Geriatr Med I990;6:731- 
46. 

[22] Ryan CM. Neurobehavioral complicationB of type I diabetes. 
Examination of possible risk fectors. Diabetes Care 
1988:11:86-93. 

[23] Rovet JF, Ehriich RM. Hoppe M. Intellectual deficits associ- 
ated widi early onset of insulin-dependent diabetes mellitus 
in children. Diabetes Care 198*^ 10:51 0-5. 
. [24] Golden MP, IngersoU GM, Brack CJ» Russell BA, Wright JC, 
Huberty TJ. Longitudmal relationship of asyn^itomatic 
hypoglycemia to oognitivo fimction in IDDM. Diabetes Care 
1989;12:89-*93. 

[25] Rovet J, Alvaitsz M, Attentional functioning in children and 
adolescents with IDDM. Diabetes Care 1997;20:803-10. 

[26] Ryan C. Vega A, Drash A. Cognitive deficits in adolescents 
vfMi developed diabetes eaiiy in life. Pediatrics 
1985;75:921-7. 



[27] Gold AE, Deary D. Jones RW, O'Hare JP, Reckless 3P, Frier 
BM. Severe deterioration in cognitive function and per- 
sonality in five patients with long-standing diabetes: a 
complication of diabetes or a consequence of treatment?. 
Diabet Med 1994;n:499-505. 

[28] Ryan CM. Williams TM Effects of insulin-dependent dia- 
betes on learning and meraoiy efficiency in adults. J Clin 
Exp Neuropsychol 1993:15:685-700. 

[29] Reichaiti P, Bergjund A, Britz A, Levander S, RoscnqVist U. 
Hypoglycacmic episodes during intensified insulin treatment 
increased frequency but no effect on cognitive fimction. J 
hitcm Med 1991:229:9-16. 

[30] The DCCT Research Group Epidemiology of severe hypo- 
glycemia in the diabetes control and complications trial. . 
Am J Med 1991;90:450-9. 

[31] Sachon C, Grimaldi A. Digy JP. PiUon B, Dubois B, Thervct 
F. Cognitive function, insulin-dependent diahelss arul hypo- 
glycaeroia. J Intern Med 1992;231:471-5. 

P2] Wredling R, Levander S, Adamson U, Ijns PE. Peraianent 
neuropsycholofijcal impairment after iBcurrcnt episodes of 
severe hypoglycacraia in man. Diabetologia 1990;33:152-7. 

[33] Ungan SJ, Deaiy U. Hepbum DA, Frier BM. Cumulative 
cognitive in^airment following recurrent severe hypo- 
glycaemia in adult patients witti insulin-treated diabetes 
mellitus. Diabetolo^a 1991;34:337-44. 

134] Lincohi NB, Falsiro RM. Kelly C. Kiric BA. Jeffcoate WJ. 
Effect of long-term gjycemic control on cognitive function. 
Diabetes Care 1996;19:656-8. 

[35] The DCCT Researeh Group. Effects of intensive diabetes 
ther^ on neuropsychological fimction in adults in the 
Diabetes Control and Complications Trial. Ann Intern Med 
1996;124:379-88. 

p6] Deary D, Frier BM. Severe hypo^cacmia and cognitive 
impairment in diabetes. BMJ 1996;313:767-8. 

[37] Wonall G. Moulton N, Biiffctt B. Effect of type H diabetes 
mellitus on cognitive function. J Fam Pmct 1993;36:639-43. 

[38] Kabnijn S, Feskens EJM, Xauncr O, Stijncn T, Kromhout D. 
Glucose intolerance, hypcrinsulinaemia and cognitive func- 
tion in a general population of elderly men. Diabetologia 
1995;38:1096-102. 

[39] Croxson SCM. Jaggcr C. Diabetes and cognitive impairment 
a community based smdy of elderly subjects. Age Ageing 
1995;24:421-4. 

[40] Doman TL, Peck GM. Dow JDC, TattersaU RB. A com- 
munity survey of diabetes in flte eldcriy. Diabetic Med 
1992;9:860-5. 

141] Perhnutcr LC, Hakami MK, Hodgson-Harrington C. et al. 
Decreased cognitive fimction in agmg non-insulir>-dependent 
diabetic patients. Am J Med 1984;77:1043-8. 

[42] Reaven GM TTiorapson LW. Nahum D, Haskins R Relation- 
ship between hyperglycemia and cognitive function in older 
NIDDM patients. Diabetes Care 1990;13:16-21. 

i;43] Helkala E-L, Niskanen L, Viinamaki H, Partancn J, Uositupa 
M. Sboit-term and long-term memory m elderly patients 
with NIDDM Diabetes Care 1995;18:681-5. 

[44] Colwell JA. The feasibility of intensive insulin management 
in non-insulin-dependent diabetes mellitus. Implications of 



42 



a Bisssels / The Netherlands Journal of Medicine 54 (1999) 35-45 



flie Veterans Affairs CtMiperativc Study on Glycemic Conm»l 
ai^ Complications in NIDDM. Ann Intern Med 
1996;124:131-5. 

[45] BresBler R. Johnson DG. Oral antidiabetic drag use in the 
elderiy. Dmgs Aging 1996;9:418-37. 

[46] Ott A, Stolk RP. Hofinan A,^to Harakamp F. Grobbce DE, 
Breteler MMB. Association of diabetes mcUitas and de- 
mentia: The Rotterdam study. Diabetologia 1996;39:1392-7. 

[47] Ldbson CL. Rocca WA, Hanson VA, et al. Risk of dementia 
among persons with diabetes tnellitus; a population-based 
cohort study. Am J Epidemiol 1997;145:301-8- 

[48] Mangione CM, Seddon JM, Cook EF, et al. Correlates of 
cognitive fimction scores in elderly outpatiraits. J Am Geriatr 
Soc 1993;41:491-7. 

[49] Sinclair AJ, Allard 1. Bayer A. Observations of diabetes care 
in long-term institutional settings wid\ measures of cognitive 
fiinction and dependency. Diabetes Care 1997;20:778-84. 

[50] Kilander L. Nyman H. Bobcrg M, LitheU H. Cognitive 
function, vascular risk factors and education. A cross-sec- 
tional study based on a cohort of 70-year-oJd men. J Intern 
Med 1997;242:313-21. 

[51] Vanhanen M, Koivisto K. Kaqalainen L, et aL Risk for 
non-insulin-dependcnt diabetes in the normoglycaemic elder- 
ly is associated with impaired aignitive fimction. NeuroRe- 
port 1997;8:1527-3a 

[52] Stdk RP, Breteler MMB, Ott A» et al. tosulin and cognitive 
function in an elderiy population - The Rotterdam Shidy, 
Diabetes Care 1997;20:792-5, 

[53] Kuusisto J. KoivistQ K, MyHcanen L. et aL Essential 
t^pcrtension and cognitive fcmction: the role of hyperin- 
sulincmia. Hypertension 1993;22:771-9, 

[54] Meneilly OS, Hill A. Alterations in ghicose metabolism in 
patients wifli Alzbeimcx*s disease. J Am Geiiatr Soc 
1993;41:710-4. 

[55] Messier C, Gagpon M. Glucose regulation and cognitive 

functions: Relation to Alzheimer's disease and diabetes, 

Bshflv Brain Res 1996;75:1-11. 
[56] Pcyrot M, Rubin RR. Levels and risks of depression and 

anxiety symptomatoJogy among diabetic adults. Diabetes 

Care 1997;20:585-90. 
[57] Lustman PJ, Griffifti LS, Gavard JA, Clouse RR Depresaion 

in adults with diabetes. Diabetes Care 199:^15:1631-9- 
[58] Broderick PA, Jaooby JH. Serotonergic fimction in diabetic 

rate: psychotiierapeutjc implications. Biol Psychiat 

l988;24a34-9. 

[59] Lackovic Z, Salkovic M, Kuci Z. Relja M. Effect of long- 
lasting diabetes mdlitus on rat and human brain naono- 
amines. JNeurochem 1990;54; 143-7. 

[60] Di Mario U, Morano S, Valle E, Pozzesserc 0. Electro- 
physiological alterations of die central nervous system in 
diabetes mdlitus. Diabetes Metab Rev 1995;11:259-78, 

[61] Stockaid JJ, Pope-Stockard JB, Shaibrough FW. Brainstem 
auditory evoked potentials in nem-ologyt methodology, inter- 
pretation and clinical application. In: Aminoff MJ, editor. 
Electrodiagnosis in clinical neurology. 3rd ed. New York: 
Churchill Livingstone, 1992:503-36. 

[62] Pozzcssere G, Rizzo PA, Wle E, et al. Early detection of 



neurological involvement in IDDM and JSODDM. Multimod- 
al evoked potentials versus metabolic contorol. Diabetes Care 
1988;11:473-80. 

[63] Fedele D, Martini A, Cardone C, et aL Impaired auditory 
btainstem-cvoked responses in insulin-dependent diabetic 
subjects. Diabetes 1984;33:1085-9, 

[64] Donald MW, Williams Erdahl DL, Surridge DHC, et al. 
Functional correlates of reduced central conduction velocity 
in diabetic subjects. Diabetes 1984;33:627-33. 

[65] Khardori R, Soler NG, Good DC, DevlescHoward AB, 
Broughton D, Walbert J. Brainstem auditory and visual 
evdced potentials in type 1 (insulm-dcpcndent) diabetic 
patientB. Diabetolog?a 1986;29:362-5. 

[66] NakamuiB Y, Takahashi M, Kifaguti M, Iroaoka H. Kono N, 
Tarm S. Abnormal brainstem evoked potentials in diabetes 
mellitus. Evoked potential testings and magnetic resonance 
imaging. Electromyogr Clin Neurophysiol 1991;31:243-9. 

[67] Chiappa KH. Roppcr AH. Evoked potentials in clinical 
medicine (First of two parts). N Engl J Med I982;306:l 140- 
50. 

[68] Algan M, Zieglcr O. Gchin P. ct al. Visual evoked potentials 

in diabetes. Daabetes Care 1989:12:227-9. 
[69] Puvanendran K, Devathasan G, Wong PK. Visual evoked 

responses in diabetes. J Neurol Ncurosuig Psychiatiy 

]983;46:643-7. 

[70] Zieglcr O, Guarci B, Algan M, Lonchan^ P, Weber M, 
Diouin P. Improved visual evoked potential latencies in 
poorly controlled diabetic patients after short-term strict 
metabolic ctmtrol. Diabetes Care 1994;17:1141-7. 

[71] Moreo G, Mariani E, Pizzamiglio G, Colucci GB. Visaal 
evoked potentials in NIDDM: A longitudinal study. Dia- 
betologia 1995;38:573-6. 

[72] Seidl R, Bimbacher R, Hauser E, Bemcrt G, Frcilinger M. 
Schobcr E. Brainstem auditory evoked potentials and visual- 
ly evoked poterrtials in young patients widi IDDM. Diabetes 
Care 1996;I9:1220-^. 

[73] Nakamnra R, Noritake M, Hasoda Y. Kamakura K, Nagata 
N, Shibasaki H, Somatosensory conduction delay in central 
and peripheral nervous system of diabetic patients. Diabetes 
Care 1992;15:532-5. 

[74] Gupta PR, Dorfinan LJ. Spinal somatosensory conduction in 
diabetes. Neurology 1981;31:841-5. 

[75] Bax G. Lelti S, Grandis U, Cospite AM, Paolo N, Fedele D. 
Early involvement of central nervous system type I diabetic 
patients. Diabetes Care 1995;18:559-62. 

[76] Dey J. Misra A. Desai NG, Mah^iatra AK, Padma MV. 
Cognitive function in younger type II diabetes. Diabetes 
Care 1997;20:32-5. 

[77] Kurita A, Katayama K. Mochio S. Neurophysiol ogical 
evidence for altered higiher brain functions in NIDDM. 
Diabetes Care 1996;I9;361-4. 

[78] Pozzessere G, ^Mc E, de-Crignis S, et aL Abnoimalities of 
cognitive functions in IDDM revealed by P300 event-related 
potential analysis. Comparison with short-latency evoked 
potentials and psychometric tests. Diabetes 1991;40:952-8. 

[79] Polich J, Howard L, Star A. P300 and digit span. Curr Opin 
Neurol Neurosurg 1 983;6:423-8. 



G. Biessels / The Netherlands Journal of Medicine 54 (1999) 33-45 



43 



[801 Surwillo WW. P300 latency and digit span. Psydiophysiolo- 
gy 19&4;21:708-11. 

[81] Fazekas F, Niederltom K, Schmidt et aL White matter 
signal ahnoimalities in nonnal individuals: coirclatitm with 
carotid ultrasonography, cerebral blood flow measuremcnls, 
and cerebrovascular risk factors. Stroke 1988;19:1285-8. 

[821 Manolio TA. Kronnial RA, Butfce GL, ct al. Magnetic 
Tpsonancc abnormalities and oarfiovascular disease in older 
adults! The Cardiovascular Health Study Stroke 
1994;25:318-27. 

[83] Dcjgaard A, Gade A, Larsson H, Ballc V. Parving A, Parving 
HH. Evidence for diabetic encephalopathy. Diabetic Med 
1991;8:162-7. 

[84] Soinincn H, Puranen M, Helkala EL, Laakso M, Riekkinen 
PJ. Diabetes mellitas and brain atrophy: a obmputed tomog- 
raphy study in an elderly population. Neurobiol Aging 
1992;13:717-21. 

[85] Araki Y, Nomura M, Tanaka H, Yamamoto H, Yamamoto T, 
Tsukaguchi L MRI of fl» brain in diabetes naellitus. Neuro- 
radiology 1994;36:101-3. 

[86] Lunetta M, Daraanti AR. Fabbri Q, Lombardo M, Di Mauio 
M, Mugbini L. Evidence by magnetic resonance imping of 
cerebial alterations of atrophy in young insulin-depen- 
dent diabetic patients. J Endocrino! Invest 1994;17-.24I-5. 

[87] MeWer PS, JefFeis BW, Estacio R, Scbrier RW. Associations • 
of hypcrtcnsioii and complications in non-insulin-dependcnl 
diabetes mellitns. Am J Hypcrtens 1997;10:152-61. 

[88] Pushimi H, Inone T, Yamada Y, Udaka F, Kameyama M. 
Asytt^itomatic cerebral small infercts (lacunae), their risk 
factors and intellectual distmbances. Diabetes 
l996;45(SupplJ):S98-S100. 

[89] Lehto S, Ronneroaa T, Pyorala K, Laakso M. Predictors of 
stroke in middle-aged patients with non-insulin-dependent 
diabetes. Stroke 1996;27:63-8. 

[90] Moides JP, Rossini AA. Animal models of diabetes. Am J 
Med 1981;70:353-60. 

[91] Crisa L, Mordes JP, Rossmi AA, Autoimmune diabetes 
mclhtus in 4e BB rat Diabetes Metab Rev 1992;8:9-37. 

[92] Biessds GJ,\to Dam PS. Diabetic neuropathy: pathogenesis 
and current treatment perspectives. Ncurosci Res Com 
1997;10:1-10. 

[93] Biessels GJ, Kamal A. Ramakers GM, et al. Place learning 
and hippocanqDal synaptic plasticj^ in streptozotocin-in- 
duced diabetic rats. Diabetes 1996;45:1259-66. 

[94] Moiano S, Sensi M, Di Grcgorio S. et aL Peripheral, but not 
central, nervous system abnormalities are reversed by pan- 
creatic islet transplantation in diabetic Lewis rats. Eur J 
Neurosd i996;8:l 117-23. 

[95] Greene DA, Lattimer SA, Sima AA. Sorbitol, phos- 
phoinositides, and sodiMn-potassiura-ATPase in fte patho- 
genesis of diabetic ccanplications. N EngJ J Med 
1987;316:599-606. 

[96] Cameron NE, Cotter MA. The rdationship of vascular 
changes to metabolic factors in diabetes mellitus and their 
role in tiic development of peripheral nerve complications. 
Diabetes Metab Rev 1994;10:189-224. 

[97] Brewster WI, Femyhough P. Diemel LT, Mohiuddin L, 



Tomlinson DR. Diabetic neuropathy, nerve growth factor 
and other neurotrophic factors. Trends Neurosd 
1994;17:321-5. 

[98] Ryle C, Ixbw CK, Donagliy M. Nonenrymatic glycation of 
peripheral and central nervous system proteins in experimen- 
tal diabetes mellitus. Muscle Nerve 1997;20:577-84. 

[99] Van Dam PS, Bravenboer B. Oxidative stress and antioxidant 
treatment in diabetic neuropalhy. Neurosd Res Com 
1997;21:41-8. 

[100] Cameron NE. Cotter MA, Low PA. Nerve blood flow in 
early experimental diabetes in rats: relation to conduction 
deficit. AmJPhysiol 1991*,261:El-8. 

[101] KappeUe AC, Biessds GJ, Van Buren T, Eikclcns DW, de 
Wildt DJ, Gispen WH. Effects of nimodiptne on sciatic 
nerve blood flow and vasa nervorum responsiveness in flw 
diabetic rat. Bur J Pharmacol 1993;250:43-9. 

[102] Tuck RR, SchmelzBT JD, Low PA. Endoneurial blood flow 
and oxygen tension in the sciatic nerves of rats with 
e^qjerimental diabetic neuropathy. Brain 1984;107:935-50. 

[103] Aiezzo JC. The nse of electrophysiology for the assessment 
of diabetic neuropalhy. Neurosd Res Com 1997;21:13-23. 

[104] Brismar T, Sima AA, Greene DA, Rjcvcrsible and iircvera- 
ible nodal ^sfimction in diabetic neuropathy. Ann Neurol 
1987;21:504-7. 

[105] Hofer RE, Lanier WL. Effects of insulin on blood, plasma, 
and brain glucose in hyperglycemic diabetic rats. Stroke 
1991;22:505-9. 

[106] Mans AM, DcJoscph MR. Davis DW, Hawkins RA. Brain 
energy metabolism in streptozotocin-diabetes. Biocbem J 
1988;249:57-62. 

[107] Kicis R, Ross BD. Cesrehral metabolic disturbances in 
patients wth subacute and chronic diabetes melUtus: de- 
tection wilh proton MR spectroscopy. Radiology 
1992;184:123-30. 

[108] Kwee IL, Igarashi H, Nakada T. Aldose reductase and 
sorbitol ddiydrogenase activities in diabetic brain: In vivo 
kinetic studies using 3-FDG NMR in rats. NeutoRcpoit 
1996;7:726-8. 

[109] Sredy J. Sawicki DR, Notvest RR. Polyol pathway activity 
in nervous tissues of diabetic and galactose-fed rats: effect 
of dietaiy galactose withdrawal or tolrestat intervention 
therapy. J Diabet Complications 1991;5:42-7. 

[110] Knudscn GM, Jakobsen J, Bany DL Compton AM, Tom- 
linson DR. Myo-inositol normalizes decreased sodium 
permeability of the blood-br^ barrier in streptozotodn 
diabetes. Neuroscience 1989;29:773-7. 

[1 1 1] Pekmer C. Cullum NA, Hughes JN, Hargreaves AJ, Mahon 
J, Casson IF. Glycation of brain actin in experimental 
diabetes. Journal of Neurochemistry 1993;61:436-42. 

[112] Vlassara H, Brownlee M. Cerami A. Excessive non en- 
zymatic glycosylation of peripheral and central nervous 
system myelin components in diabetic rats. Diabetes 
1983;32:670-4. 

[113] Cullum NA, Mahon J, Stringer K, McLean WG. Glycation 
of rat sciatic nerve tubulin in experimental diabetes mel- 
litus. Diabetologia 1991;34:387-9. 

[114] Mooradian AD. The antioxidative potential of cerebral 



44 



G. Bicsseh I The NeOterlmuis JauniaJ of Medicine 54 (1999) 35-45 



microvcssek in experimcnte! diabetes mellitus. Brain Res [1311 
1995;671:164-9. 

[1151 Mooradian AD, Smith TL. The effect of experimentally 

induced diabetes mellitus on flie lipid order and com- [132] 
position of rat cerebral raicarovcssels. NeurosciLctt 
1992;14S: 145-8. 

[1 16] Kumar JS, Mcnon VP. Effect of diabetes on levels of Hpid [133] 
peroxides and gjycolipids in rat brain. Metabolism 
1993;42:1435-9, 

[117] Makar TK, RimpeW-amhaouar K, Abraham DG, Gokhale 
VS. Cooper AJL. Antioxidant defense systenas in &e brains 
of type n diabetic mice. J Ncurochem 1995;65:287-91. 

[1 18] Mukai N, Hon Pomeroy M. Ceiebial lesions in rats wifli [534] 
stitptozotocin-induced diabetes. Acta Ncuropadiol (Bed) 
19S0;51:79-84. 

[1 19] Jakobsen J, Sidenius P, Graiderscn HJ, Osterby R. Quantita- 
tive changes of cerebral neocortical structure in insulin- [135] 
treated long-term streptozocin-induGed diabetes in rats. 
Diabetes 1987;36:597-601. 

[120] Junker U, Jaggi C, Bcstetti G, Rossi GL. Basement [136] 
membrane of hypofhalamufi and cortex capillaries from 
nonnotensivc and spOTtaneousJy hypertensive rats wife 
stcptozotocin-induccd diabetes. Acta Neuropathol (Beil) [137] 
1985;65:202-8. 

[121] Duckiow RB, Beard DC. Brennan RW. Regional cerebral 

blood flow decreases during chronic and acute hy- [138] 
perglyccmia. Stroke 1987;18:52-8. 

[122] Jakobsen J, Nedcrgaard M, Aarslcw Jensen M, Diemer NH. 
Re^onal brain glucose metabolism and blood flow in 
Stieptozocin-induced diabetic lats. Diabetes 1990;39:437- [139] 
40. 

[123] Pardridge WM. Triguero D. Faiiell CR. Downregulation of [140] 
blood-brain barrier glucose fran^rter in cxperimenta! 
diabetes. Diabetes 1990;39:1040-4. 

[124] Johnson PC, Brcnedel K. Meczan E. Thickened cerebral 

cortical capillary basement membranes in diabetics. Arch [141] 
Pathol Lab Med 1982;106:214-7. 

[125] Reske-Nielsen E. Lundbaek K, Rafaelsen OJ. Pathological 

changes in flie central and peripheral nervous system of [142] 
young long-tenn diabetics. Diabetologia 1 965 ;1:23 3-41, 

[126] Kcymeulen B. Jacobs A, de Metz K, de Sadcleer C, [143} 
Bossuyt A, Somcrs G. Regional cerebral hypoperfusion in 
long-term type 1 (insulin-dcpendent) diabetic patients: 
relation to hypoglycaemic events. Nucl Med Commun 
1995;16:10-6. 

[127] Rodriguez G, Nobili P, Celestinp MA, et aL Regional [144] 
cerebral blood flow and cerebrovascular reactivity in 
IDDM. Diabetes Care 1993;16:462-8. 

[128] MacLeod KM, Hepburn DA, Dcfliy U, et aL Regional [145] 
cerebral blood flow in IDDM patients: effects of diabetes 
and of recurrent severe hypoglycaemia. Diabetologia 
1994;37:257-63, H^fi) 

[129] Grill V. Gutniak M, Bjoikman O, et aL Cerebral blood flow 
and substrate utilization in insulin-treated diabetic subjects. 
Am J Physiol 1990:258:E8I3-20. 

[130] Smith MA, Sayre LM. Monnier VM, Peny G. Radical [147] 
AGEing in Alzheimer's disease. Trends Ncurosci 
1995;18:172-6. 



Biessels GJ, Gispen WH. The calcmm hypothesis of brain 
aging and neurodegenerative disorders: significance in 
diabetic neuropathy. Life Sci 1996;59:379-87. 
Sawada M, Carlson JC. Changes in superoxide radical and 
lipid peroxide fonnarion in the brain, heart and liver during 
the lifetune of tiic rat. Mcch Ageing Dev 1987;41:125-37. 
Carney JM, Staiice Reed PE, Oliver ON, et el. Reversal of 
ag&related inoease in brain protein oxidation, decrease in 
enzyme activity, and loss in temporal and spatial memory, 
by chronic administration of the spin-trapping compound 
N-tert-butyl-alpha-phcnyUiitrone. Proc Natl Acad Sci USA 
1991;S8:3633-6. 

Smith CD, Carney JM, Starke Reed PE. ct at Excess biain 
protein oxidation and enzyme dysfunction in normal a^g 
and in Aldidmer disease. Proc Natl Acad Sci USA 
I991;S8:10540-3. 

Wolff SP, riang Zy, Hunt JV. Protein glycation and 
oxidative stress in diabetes mellitus and ageing. Free Radio 
Biol Med 1991;10:339-52. 

Kalaiia RN, Hedcra P. Differential degeneration of tiie 
cerebral raicrovasculature in Alzhedmer's disease, Neurore- 
port 1995;6:477-80, 

de la Torre JC, Mussivand T. Can disturbed brain mi- 
crocirculation cause Alzheimer's disease?, Neurol Res 
1993;15:146-53. 

Mattson MP. Calcium and neuronal injury in Ahheimer's 
disease. Contributions of beta-^imyloid precursor protein 
mismetabolism, fiee radicals, and metabolic compromise. 
Ann NY Acad Sci 1994;747;50-76. 
Khachatnrian ZS. Calcium hypofliesis of Alzhdroer's dis- 
ease and brain agmg. Ann NY Acad Sci 1994;747:1-11. 
Disterhoft JF, Moyer Jr. JR, Thompson LT. The calcmm 
rationale in a^g and Alzhehner's disease. Evidence from 
an animal model of normal aging. Aim NY Acad Sci 
1994;747:382-406. 

Levy J, Gavin JR, Sowers JR. Diabetes mellitus: a disease 
of abnormal cellular calcium metabolism?. Am J Med 
1994;96:260-73. 

Stegmayr B, Asplimd K. Diabetes as a risk fector for stroke, 
A population pei^>ective. Diabetologia 1995;38:1061-8. 
Feskens EJ, Tuomilchto J. Stengard JH, Pcldcanen J, 
Jfissinen A. Krombout D. Hypertension and overweight 
associated with hypcrinsulinacraia and gjucose tolerance: a 
longitudinal study of the Finnish and Dutch cohorts of flie 
Seven Countries Study. Diabetologia 1995;38:839-47. 
Mankovsky BN, Metzger BE, Molitch ME, Billcr J. 
Cerebrovascular disorders in patients with diabetes mellitus, 
J Diabetes Complic 1997;10:228-42, 
Norris JW, Zhu CZ, Bomstein NM, Chambers BR. Vascular 
risks of asymptomatic carotid stenosis. Stroke 
1 991 ;22; 1485-9. 

Albert SG, Gomez CR, RusseU S, Chaitinan BR. Bcmbaura 
M, Kong BA. Cerebral and ophthahnic artery hemodynamic 
responses in diabetes mellitus. Diabetes Care 1993; 16:476- 
82, 

Fulesdi B, Limburg M, Berecdd D. et al. Impainneiit of 
cerebrovascular reactivity in long-term type 1 diabetes. 
Diabetes 1997;46:1840-5. 



G. Biessds I Tlie Netherlands Journal of Medicine 54 (1999) 35-45 



45 



[148] Kflstnq) J, Rorsgaard S, Parving HH. Lassen NA. Impaired 
aiitoregulation of cerebral blood flow in long-terra lypc I 
(insulin-dcpfaident) diabetic patients with nejiliiopatiiy and 
retinopathy. Qin Physiol 1986;6:549-5?. 

[149] Morrish NJ, Stevens LK, Fuller JH, Jarrctt RJ, Keen H. 
Risk fedora for macrovascular disease in diabetes mcUitus; 
the London follow-wp to the WHO Mulfinational Study of 
\i&scular Disease in Diabetics. Diabctologia 1 99I;34:S90-4. 

[ISCg Kilandcr L, l^^nmi H, Boberg M, Hansson L, UfhcU tl. 
Hypertension is related to cognitive impairment a 20-year 
follow-iip of 999 men. Hypertwision 1998^31:780-6. 

[151] EKas PK. Elias MF, D'Agostino RB, et al. NODDM and 
blood pressure as risk factors for poor cognitive perform- 
ance The Fraroingham Stucfy. Diab^ Care 
1997;20:1388-95. 

[152] Aoer RN. Progress review: hypoglyceanic brain damage. 
Stroke 1986;17:699-708. 

[153] Choi DW. Ghitamate toxici^ and diseases of tiie nervous 
systwn. Neuron 1988;1:623-34. 

[154] Sicsjo BK, BengtssMi F. Calcium fluxes, calcium antago- 
nists, and calraum-related pathology in brain ischemia, 
bypogtycemia, and spreading depression: a unifying hy- 
pothesis. J Cert* Blood Flow Mctab 1989;9:127-40. 

[155] Araki N, Greenbcrg JH, Sladky JT, Ucmatsu D, Kaip A, 
Rjeivich M. The effect of hyperglycemia on intracellular 
calcium in stroke. J Ccreb Blood Flow Metab 1992; 12:469- 
76. 

[156] Meldrum B,- Garihwaite J. Excitatoiy amino add neuro- 



toxicity and peurodegenerative disease. Trends Phannacol 
Sci 1990;11:379-87. 

[157] Mencilly OS, Cheung E, Tcssier D, Yakma C, Tuotko H. 
The effect of improved glycemic control on cognitive 
functions in the elderty patient with diabetes. J Gcnmtol 
1993;48Ain7-21. 

[158] Gradman TJ. Laws A, Thompson LW, Rcavcn GM, Verbal 
learning and/ or mranoiy imtproves with glycemic control in 
older subjects with non-insuliu-dependent diabetes meUitus. 
J Am Geriatr Soc 1993;41:1305-12. 

[159] Jagusch W, Cramon Dv, Rcnner R» Hepp KD. Tight 
metabolic control improves cerebral function in older Type 
2 (non-insulin-dcpendent) diabetic patients. Diabetolo^a 
1987; 30;535A. 245 Abstract 

[160] Schmidt MI, Watson RL, Duncan BB, ct al. Chistcring of 
dyslipidcmia, hypennicemia, diabetes, and hypertension 
and its association with fasting insulin and central and 
overaU obesity in a general population. Atherosclerosis 
Risk in Communities Study Investigators. Metabolism 
1996:45:699-706. 

[161] Mitchell BD, HafBier SM, Hazuda HP.'S&ldcz R, Stem MR 
The relation between scnim insulin levels and 8-year 
changes in lipid, lipoprotein, and blood pressure levels. Am 
J Epidemiol 1992;136:12-22. 

[162] Lowe LO, Tranel D, Wallace RB, Welty TK. Type H 
diabctca and cognitive fimction. Diabetes Care 
1994;17:891-6, 



DIABETES/METABOLISM RESEARCH AND REVIEWS 
Diabetes Metab Res Rev 2000; 16: 390-392. 



EDITORIAL 




Insulin receptors and insulin actions in the 
nervous system 



Kerre Freychet* 

Faculty de Mededne, Nice, France 

♦Correspondence to: Dr P. Fieydiet, 
132 avenue de Brancolar, F-06100, 
Nice, France- 
B-ma31: &t;ychet@tinice.£r 



Suminafy 

Tnj culin receptors are widely distributed in the brain. They are also present in 
peripheral nerve. Insulin signaling through its receptors in the brain is 
responsible for the hormone's effects on the regulation of food intake, body 
weight, and reproduction. Signaling through the insulin receptor also appears 
to influence higher cognitive functions, hi peripheral nerve, insul i n si gnalin g 
may play a role in the maintenance and repair of myelinated fibers. Future 
studies should determine the extent to which a defective insulin signal may be 
linked to the pathogenesis of diabetic neuropathies and neurodegenerative 
disorders such as Alzheimer's disease. Copyri^t © 2000 John Wiley & Sons, 
Ltd. 

Keywords insulin receptors; in ?ni1m actions; central nervous system; 
peripheral nerve; diabetic neuropathy; Alzheimer's disease 



The central nervous system 

In 1978, Havrankova, Roth and Brownstein [1] demonstrated for the first 
time the presence of insulin receptors in the central nervous system (CMS), 
classically an 'insuUn-insensitive' tissue. Since this seminal paper, nunierous 
studies have been devoted to in pnli" receptors and insulin actions in the CNS. 
Insulin receptors are widely distributed in the brain, with much higher 
concentrations in neurons than in gEa [for a review see 2] . They are foimd in 
both cell bodies and synapses. Distinct regional patterns of e3q)re5sion of the 
insulin receptor may reflect different fimctions. 

One domain of insulin action in the CNS is related to the control of food 
intake through insulin receptors abtmdantiy located in the olfactory bulb and 
thalamic nudei. In fact, insnlm was the first hormonal signal to be implicated 
in the control of body weight by the CNS [3). Both insulin and leptin act as 
dual adq)OSity signals to the brain for the regulation of food intake and body 
weight HI - Reduced CNS insulin delivery may be a feature of several dif^ent 
forms of obesity [5]- like leptin, insulin scaling in the CNS plays a central 
role not only in participating in the regulation of food intake and body 
wei^at, but also in the regulation of reproductive function, as demonstrated 
very recently by Briming ct aZ. These researchers discovered that in addition 
to diet-serxsitive obesity, mice with a neuron-spedfic disruption of the insulin 
receptor gene exhibit reduced fertility due to hypothalamic dysreguladon of 
luteinizing hormone [6]. 

Another domain of insulin action in the CNS concerns cognitive functions. 
High levels of insulin receptors are present in the limbic system, particularly 
the hippocampus which is critically involved in spatial memory processing. 
Signaling through the insulin receptor appears to participate in this memory 
processing [7]. Acute intranasal administration of insulin has been shown to 
directly affect brain function [8], In addition, defects in insulin action in the 
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CNS may be linked to tiie pathogenesis of neurodegen- 
erative disorders such as Alzheimer's [9] and Parkinson's 
[10] disease. In a review article published in the 
preceding issue of Diabetes/Metabolism Research and 
Reviews, Ryan and Geckle disctissed the roles of ageing, 
Type 2 diabetes and insulin in learning and memory 
dysfimcdon [11]. 



And the peripheral nervous system? 

In 1987, Waldbillig a nd LeR oith [12] sho wed diat 
pedphe^s^isbxy andautonomic gangEa contamlnsulin 
receptors. In tihe preceding issue of Diahete^/T^etabolism 
Research and Reviews^ Sugimoto etaL [13] demonstrated 
die presence of insulin receptors in die sciatic nerve and 
dorsal root ganglion. Using both light and ultrastructural 
immunochemistty, these researchers furdier localized 
insulin receptors to the nodal and paranodal axolemma 
and Schwann cejl plasma membranes. These sites of 
myelinated fibers are known to possess specialized 
m.olecular structures such as ion channels, Nsl^/K:^- 
ATPase, glucose transporters, aldose reductase, and 
specialized molecules such as paranodin and integrins. 
Thus, in peripheral nerve the irisiilin receptor co-localizes 
with membrane molecules believed to play important 
roles in the maintenance of nodal function and structure, 
fiber regeneration and repair of myelinated fibers. It is 
tempting to speculate that signaling through the insulin 
receptor is involved in these functions, as suggested by 
the neurotrophic properties of insulin and insulin-lil^ 
growth fectors. 



What are the pathophysiological 
implications? 

As pointed out by Sugimoto er al [13], one of the key 
differences between the neuropathy in the two types of 
diabetes is the progressive disruption of the paranodal 
ion-channel barrier in Type 1 diabetes. This alteration 1^ 
been assodated with the more severe conductron defect 
in Type 1 compared to Type 2 diabetes. Decreased insulin 
signaling due to insulinopenia may play a role in the 
functional and structural abnormalities of the nodal and 
paranodal apparatus in TyP^ ^ diabetes. Also, the co- 
localization of the insnl^Ti receptors and integrins in the 
Schwarm cell suggests that a decreased insulin signal may 
impair functions of the integrins and contribute to 
Schwaxm ceD/myelin alterations in diabetic neuropathy. 

Two other findings in the article of Sugimoto et oL [13} 
are of particular interest In endoneurial microvessels, 
inununoelectron microscopy showed insulin receptor 
localization on plasma membranes of endothelial cells 
and pericytes/vascular smooth muscle ceDs; and high 
intensity of immunostained insulin receptor vras fotmd in 
dose proximity to interendothelial tight jimctions. These 
findings are consistent with the localization of insulin 
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receptor in brain capillaries where insuhn crosses the 
blood-brain barrier via receptor-mediated transcytosis. 
Sugimoto et oL also suggest an additional pathway for 
insulin passage at the interendothelial tight junction, and 
the possibility that insulin signaling is involved in the 
integrity of the blood-nerve barrier. 

Nothing is presentty known about the regulation of the 
insulin receptor and insulin signaling in peripheral nerve. 
Previous studies [for a review see 2] have suggested that, 
imlike peripheral (i.e. adipocyte, Htct and musde) insulin 
receptors, the brain insulin receptors do not undergo 
downregulation after exposure to high concentrations of 
instilin- If this is-also-true for-:peripheral-nervej-then-one- 
may anticipate that alterations in insulin receptor (and 
insulin receptor signaling) would not occtn: in peripheral 
nerve as a result of hyperinsulinemia per se. Down- 
regulation of insulin receptors, however, may stiU occur 
at the level of the blood-nerve barrier, allowing lesser 
amoimts of insulin to be delivered into the nerve. Some 
degree of mgtitin deficiency may therefore affect the 
peripheral nerve even in hyperinsuKnemic situations. 

Exactly how Tni'"'''Hn action in the brain can influence 
higher cognitive functions such as learning and memory is 
not yet fully understood. In patients with Alzheimer's 
disease, insulin has been reported to be higher in plasma 
and lower in cerebrospinal fluid when compared to 
control subjects [14]. One possible explanation fior this 
discrepancy maybe a lower rate of CNS insulin dehvery as 
a result of insulin receptor downregulation at the level of 
the blood-brain barrier, as discussed above. In addition to 
diminished insulin signal, in.sulin action may also be 
impaired as a result of reduced insulin receptor tyrosine 
kinase activity in the Alzheimer's disease brain [9]. Also, 
in cultured human neurons, insulin and IGF-1 have been 
shown to reduce the phosphorylation of tau [15], a 
neuronal microtubule-assodated protein that, in its 
hyperphosphoiylated form, is the major component of 
the neurofibrillary lesions in Alzheimer's disease. 



Conclusion 

Clearly, the nervous system, both central and peripheral, 
is an important target of insulin action in health and 
disease. Many studies make a strong case for direct e£fects 
of insulin on the nervous system through its signaling 
network. Delineating the extent to w^ch impaired insulin 
signaling is direcdy implicated in the pathogenesis of 
diabetic neuropathies and of neurodegenerative disorders 
such as Alzheimer*s disease, and elucidating the mechan- 
isms involved, represent new and exciting avenues of 
investigation, and potential promises for future develop- 
ment of novel therapeutic approaches. 
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Oxidative stress in Parkinson's disease and other neurodegenerative disorders. 
Jenner P. 
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The cause of cell death in neurodegenerative diseases remains unknovm but the 
formation of free radicals and the occurrence of oxidative stress may be a 
common component of many, if not all, such disorders. For example, in substantia 
nigra in ParJcinson's diseases key alterations occur, in iron handling, 

.. mitochondrial-Xunct ion, Bnd...aatiDJxidant„. defences,.. part icularly..jpsiluced_ 

glutathione. These indices of oxidative stress are accompanied by evidence of 
free radical mediated damage in the form of increased lipid peroxidation and 
oxidation of DNA bases. The alterations in oxidative stress occurring in 
Parkinson's disease appear not be related to the administration of L-DOPA. Some 
alterations of oxidative stress are found in other basal ganglia in degenerative 
disorders (multiple system atrophy, progressive supranuclear palsy, Huntington's 
disease) but these have not been investigated to the same extent. Similarly, 
examination of biochemical changes occurring in Alzheimer's disease, motor 
neurone disease and diabetic neuropathy also suggest the involvement of free 
radical mediated mechanisms as a component of neurodegeneration. It is probable 
that irrespective of the primary cause of individual neurodegenerative disorder, 
the onset of oxidative stress is a common mechanism by which neuronal death 
occurs and which contributes to disease progression. Clearly, therapeutic 
strategies aimed at limiting free radical production and oxidative stress and/or 
damage may slow the advance of neurodegenerative disease. 
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